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Although some data have been published on the absorption, blood concen- 
trations and renal excretion of acetazolamide in man (1), more definitive work 
appeared necessary, particularly with respect to a recently described property 
of this agent, the lowering of cerebrospinal fluid (C.S.F.) pressure in hydro- 
cephalus (2, 3). Several reports have also appeared describing a transient 
elevation of C.S.F. pressure following intravenous acetazolamide in man (4) 
and experimental animals (5, 6). 

In this paper an attempt has been made to correlate (a) the distribution of 
the drug, and thus the inhibition of carbonic anhydrase at certain sites (b) the 


1 Supported in part by Grant B-1297 from National Institute for Neurological Diseases 
and Blindness, and by Lederle Laboratories Division of the American Cyanamid Com- 
pany. 

* Formerly Instructor in Pharmacology and Experimental Therapeutics, The Johns 
Hopkins University School of Medicine. 
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TABLE I 
Classification of Patients 





Initials | 48° |w 
“a 


a 





C.S.F. 
kg.|Pressure*| Fontanels 
jmm. H:O 


| Head En- 

















| largement 
| | 
Hydrocephalus 
S.We. 9 | 14| 9.1 179 | Closed + | Spastic; postmeningitis. | Table IV, Fig. 
| 4b 
= ST | 2 | 13.0; 230 | Bulging | +++ Spina bifida and meningo- | Table IV, Fig. 
4b, 8a. 
ee | 6 18.2} 205 | Closed | + | Spina bifida; meningocele | Table IV, Fig. 
surgically removed at 4b, 5a, 6a. 
| birth. Paraplegia. 
N.B. 2 | 9| 28.6} 195 | Closed |++++ | Fig. 2b 
C.J.% | 4| 15.9| 214 | Bulging | +++ | Etiology unknown. Epi- | Fig. 4b 
M.P.@ | 6| 15.5} 300 | Tense | +++ | Fig. 7, Table V 
G. M. 9 5 | 17.3| 178 | Closed | + Etiology unknown. | Table IV, Fig. 
| | | 4b, 6b 
L.D.¢ | 9 | 22.7) 125 | Closed | +++ | Fig. 2a, 8b 
No Hydrocephalus 
l.G.c 10 | 17.7 | 147 | Closed 0 | Table II, III, 
} | Fig. 4a, Sa 
S. H. ? 13 | 17.3 234 | Closed 0 Cranial stenosis; spastic. | Fig. 4a, 5a, Sb 
W. W. # | 23 | 35.5] 153 | Closed 0 Birth injury; epileptic. | Table III, V 
B.W. 2 | 10 | 15.0 168 Closed 0 | Spastic; postmeningitic | Table III, V 
Fig. 5a 
D.D. 9 | 19 | 24.1} 105 | Closed 0 | Birth injury; spastic; epi- | Table II, III 
S. Wh. 9 | 11 | 35.9 | 130 | Closed 0 | Epileptic; cerebral palsy. | Table II 
M.H.@ | 21| 22.7) 90 | Closed 0 | Spastic; epileptic. Table II, Fig. 
| 4a, Sa 
..c. 7 16 | 16.8 | 147 | Closed 0 | Spastic; epileptic. | Table II, III, 
Fig. 4a, Sa 
R.R.o | 14] 22.3} 204 | Closed 0 | Fig. 4a, 5a 











* Baseline pressures were obtained over periods of 1 hr. or more prior to drug administration. 


pressure change in both directions, and (c) changes in anion distribution 
between plasma and C.S.F. Results and Discussion are arranged in this way, 
so that these somewhat diverse topics can be considered separately. 


MATERIALS AND METHODS 


The subjects were children who were permanent inmates of the Sunland 
Training Center in Gainesville (Table I). All were of low mentality. Some had 
physical deformities, such as spastic paralysis or congenital bone defects. Two 


groups of patients were studied, 9 non-hydrocephalics and 8 hydrocephalics. 
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TABLE II 


Diurnal Effects of Oral Acetazolamide and Placebo (75 mg./kg.)* om C.S.F. Pressure 
in Non-Hydrocephalic Children 























C.S.F. Pressure—mm. HOt 
Acetazolamide Placebo 
Patient ! 
Time after oral dose—hours 
o | % 1{|2/]s3i{7i/a«tlo!l 1 | 2/| 3 7 | 4 
. i Se a a ae ae ee ee ee ae a ae ee 
J. G.. 144 | 135 | 134 | 128 | 145 | 162 | 148 | 142 | 158 | 148 | 185 | 168 | Te 
M. H.. nin | 131 | 124 | 114 | 145 | 110 | 166 | 76| 78| 62/125; | | 126 
D. D.. | | 105 | 120 | 170 | 115 | | 148 | 
K.C. 172 | 229 | 104 | 91 | 89 | 160 | 106 | | | | | 
| Se bail | EEE SE | } 
Average...| 142 | 165 | 121 | 111 | 126 | 144 | 140 | 108 | 119 | 127 | 142 | | 110 
| | | | | 





* Drugs were given at 0 time 
+ Spinal taps were made on the first day (needle in for about 8 hours) and again at 24 hours. 


The latter group was necessarily inhomogeneous; and contained patients wh 
various degrees of pressure elevation and head enlargement. In all cases there 
was radiographic evidence of the disease and the Queckenstedt test was nega- 
tive (pressure rose and fell with jugular vein compression indicating absence of 
spinal arachnoid block). The five patients of this group used for the C.S.F. 
pressure studies of Table IV and Figure 7 had, during at least two control 
periods, pressures over 230 mm. H.O. These may be contrasted to the pressures 
of the four non-hydrocephalic patients of Table IT. 

Pressures were taken by means of a conventional spinal manometer, following 
lumbar tap or (in the case of patient M. P.) ventricular tap. The manometer 
was secured to the side of the bed with base level to puncture site. The patients 
lay on their sides in constant position throughout the experiment. No pillows 
were used. Cisterna magna was in the same horizontal plane as the puncture 
site. Legs and arms were tied loosely in a partially flexed position; neck was 
bent slightly forward. In the case of ventricular tap, the open fontanel was 
punctured on the right side and the same procedure followed as described 
above. In a few cases, patients slept naturally throughout a 6 to 8 hour period; 
in the others, sedation (50 mg. pentobarbital sodium intramuscularly) was 
employed. There was no suggestion that pentobarbital itself altered C.S.F. 
pressure, apart from its relaxing properties which made possible an approach 
to basal pressure readings. The pressures recorded in Table I are averages of 
readings taken every 5 to 10 minutes over a 1 to 2 hour period prior to drug 
administration. 

The usual procedure was to perform the tap on day 1, and to leave the 
needle and manometer in place for 6 to 8 hours. A second tap was done on day 
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2 and in some cases a third tap on day 3. In certain experiments the effect 
on day 3 was studied separately, i.e. without any previous spinal puncture on 
day 1 or 2, but using control data in same patients from a previous occasion. 
In this way the effect of drug given on days 1 and 2 was studied without the 
complication of possible leakage of fluid from a puncture site. The largest 
number of C.S.F. samples drawn in a 24-hour period was 5; the volume of each 
sample did not exceed 0.5 ml. 

Acetazolamide (Diamox® Lederle) was given orally by stomach tube; the 
250 mg. tablets were crushed and suspended in about 100 ml. water. Intra- 
venous acetazolamide was given as a 5 per cent solution of the commercially 
available sodium salt; volumes injected were 5 to 7 ml. As a control for oral 
acetazolamide, a triple sulfonamide mixture (Sulfadiazine-Sulfamerazine- 
Sulfamethazine, Lederle or Sulfadiazine-Sulfamerazine-Sulfacetamide, Parke 
Davis) was used, and given in the same fashion. As a control for intravenous 
acetazolamide, its N* t-butyl analog, CL 13850, was used as the sodium salt, 
which contains, as does acetazolamide, 1.6 moles Na per mole drug (11). A 5 
per cent solution was made by adding 1.6 moles NaOH per mole of CL 13850; 
pH was 10.8. It was sterilized by filtration. Injection of this substance into 8 
dogs (50 to 80 mg./kg.) produced no untoward effects except transient sali- 
vation in the 2 animals that were not anesthetized. 

Blood and spinal fluid were withdrawn into oiled syringes; blood syringes 
were heparinized. Blood was centrifuged, and plasma was withdrawn. Red cells 
were washed 3 times in approximately 5 volumes normal saline. Urine was 
collected from an indwelling catheter. Total CO, was determined using the 
Kopp-Natelson microgasometer (12). Chlorides were determined by Brun’s 
modification of the Schales & Schales method (13). Acetazolamide was de- 
termined by the enzymatic method described previously (14). Binding of 
acetazolamide to plasma was studied by suspending bags of cellophane con- 
taining plasma in constantly stirred solutions of drug at 37° for 18 hours. The 


: conc. outside ‘ 
per cent drug unbound was estimated as -————-—— X 100. All determi- 
conc. inside 


nations were done at least in duplicate. Electrolyte concentrations are reported 
in plasma water (Pl,,); for these data plasma concentrations were divided by 
0.935. 


RESULTS 
A. Disposition of Acetazolamide 


1. Urinary Excretion. It has previously been shown (1) that this drug is ex- 
creted unchanged in the urine of man; essentially all of an oral dose can be 
accounted for in the 24-hour urine. 

The renal clearance of acetazolamide was determined in two hydrocephalics 
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Fic. 1. Binding of acetazolamide to plasma protein in man. Three individuals were used 
(2 male, 1 female), each at various plasma concentrations, as denoted by the different types 
of points. 


and one non-hydrocephalic patient (G. M., J. P., and S. H.) within a 3 to7 
hour period following an oral dose of 75 mg./kg., during which time plasma 
concentrations were reasonably constant in any one experiment. During 
clearance periods the range of plasma concentrations was 13 to 43 micrograms 
per ml. (See Fig. 4). Uncorrected clearance figures were 24 to 36 ml. per minute. 
These are roughly the same as uncorrected clearances obtained in dogs of the 
same weight range (1). However, there is a very significant difference in the 
binding of acetazolamide to plasma proteins in these two species; in the dog 
we originally reported (1) 20 to 30 per cent bound and further work now shows 
the figure may be as much as 45 per cent. But in man, at plasma concentrations 
of 10-72 wg. per ml., plasma binding ranges from 96 to 85 per cent (Fig. 1). 
Thus the corrected clearance figures for the dog are still less than that of cre- 
atinine clearance (since uncorrected clearances were about 14 of creatinine, 
and the binding correction would at most double this figure), but the corrected 
value for man, i.e. UV/Pusbouna Would be of the order of 300 ml. per minute. 
Assuming that glomerular filtration rate in these children is about 50 ml. per 
min. (15), it appears that over 80 per cent of the drug is excreted by tubular 
secretion in man. 

Recalculation of earlier data on urinary excretion of acetazolamide in adults 
(1), accounting now for the very high plasma binding, also gives clearance 
values 2 to 4 times greater than that (120 ml. per min.) accepted for glomerular 
filtration rate in man. 
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Fic. 2. Plasma decay curve of acetazolamide in man. 


2. Plasma Half Life: Volume of Distribution. Figure 2 shows plasma decay 
curves for acetazolamide in two hydrocephalic children. The half life appears 
to be 90 to 100 minutes. 

By extrapolation to 0 time the crude volume of distribution appears to be 
approximately 20 per cent. It is of interest, however, to calculate a volume of 
distribution for unbound drug, on the assumption that the bound moiety is 
trapped, and therefore not diffusible from the plasma. In patient L. D. (Fig. 
2A), the injection of 14 mg. per kg. gave a total plasma concentration of 46 
ug. per ml. at one hour. On the basis of plasma water this concentration is 50 
ug. per ml.; the unbound concentration in plasma water is 10 per cent of 50 
ug. per ml. or 5 wg. per ml. Figure 3 shows the hypothetical situation in which 
this unbound moiety is freely diffusible throughout body water. This appears 
more reasonable for a simple molecule (largely unionized at pH 7.4, ref. 11) 
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RBC, PLASMA, BODY WATER 
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30 mi. 45 mi. 650 mi. Wt.=1 kg. 


FIGURES WITHIN BLOCKS ARE CONCENTRATIONS: pg/mi. OF TISSUE WATER 
DOSE : 14mg. INTRAVENOUSLY 
DATA ARE FOR | HOUR FOLLOWING INJECTION. 
PLASMA BINDING 90% FROM FIG. |. 
PLASMA CONCETRATION, 46y9/ml., FROM FIG. 2. 
RED CELL CONCENTRATION, 38yu9/mL, FROM FIG. 5. 


DRUG EXCRETED IN | HOUR (CLEARANCE =30 mi/min)= 5,000yg. 


DRUG BOUND IN PLASMA (b) 45yu9. x 45= 2,025 

DRUG UNBOUND IN TOTAL WATER (u) Sug.x 725= 3,625 

DRUG SEQUESTERED IN RBC(s) 55yg.x 30= 1,650 
12,3000. 


OR 123mg. OF THE 14mg. INJECTED. 


Fic. 3. Distribution of acetazolamide in man. The assumption is made that drug is in 
solution throughout, and calculations are made on the basis of water content of compart- 
ments. 

Cerebrospinal fluid concentration is not shown. At equilibrium it would be about 0.5 
ug. per ml. or about 1 per cent of total drug concentration in plasma. 

The concentration of drug in equilibrium with the bound moiety in red cells is extremely 
low; this is treated elsewhere (17). 


than restriction to a relatively small fluid space, particularly in view of its 
known locus of activity on an intracellular enzyme. The discrepancy between 
the 14,000 ug. injected and the 12,300 yg. calculated im vivo, can be accounted 
for most reasonably by the fact that we have made no allowance for the (un- 
known) binding of drug to protein outside of plasma particularly in interstitial 
fluid. Thus the figure of 3,625 ug. for drug in total body water (unbound drug 
conc. X volume of body water) is probably too low. Although we suggest that 
acetazolamide may be diffusible through body water generally, exceptions 
must be noted in the case of C.S.F. and aqueous humor, where the concentra- 
tions are considerably lower than that of unbound drug in plasma (1, 3). There 
are no known sites in tissues (apart from red cells, see Fig. 3 and below) where 
acetazolamide appears to be localized (1); this subject, however, does deserve 
further work. 

3. Oral Absorption: Plasma and C.S.F. Concentrations of Acetazolamide. 
Figures 4A and 4B show plasma and C.S.F. concentrations of acetazolamide 
following oral dosage of 75 mg. per kg. Absorption is clearly quite variable, 
as it was with comparably high doses in the dog (1). However, plasma concen- 
trations of greater than 25 ug. per ml. were achieved in all cases, usually for 
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Fic. 4. Plasma and C.S.F. concentrations of acetazolamide in man. 
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time by stomach tube. Note that plasma and C.S.F. scale are different. 
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over eight hours. While the minimum plasma concentration necessary to 
achieve reduction in C.S.F. pressure is not yet known, it is probable that 10 
to 25 ug. per ml. is adequate. (See below). These data and our earlier study 
(3) suggest that somewhat smaller doses (for example 10 to 20 mg. per kg.), 
spaced every 12 hours, would maintain these high plasma concentrations and 
low C.S.F. pressure. There does not appear to be any noteworthy difference 
between plasma and C.S.F. concentrations in the hydrocephalics and non- 
hydrocephalics. 

Concentration of acetazolamide in C.S.F. is very low in accord with previ- 
ous studies in man (3). Figure 4 shows that C.S.F. concentration is usually 
about {9 of the freely diffusible’ (unbound) component of plasma acetazola- 
mide concentration, and about 499 of total (bound and unbound) plasma 
concentration. 

4. Concentration in Red Cells. Acetazolamide accumulates and persists in 
erythrocytes in a manner largely independent of its plasma concentration in 
dog, rat, and man (1). Figure 5A shows this phenomenon, in washed red cells, 
extending studies to two weeks after administration of drug. For the first day 
there is no substantial change in RBC concentration of drug, in the face of 
declining but measurable plasma concentrations (Fig. 4). Thereafter in the 
absence of acetazolamide in plasma (<0.3 wg. per ml.) there is a slow decay 
of drug in washed RBC; the half life is about 3 days. 

Figure 5B shows the presence of a readily diffusible moiety of acetazolamide 
in red cells, roughly of magnitude of unbound drug in plasma. This component 
may be washed out, and disappears when drug leaves plasma. It is evident 
that at ordinary therapeutic doses in man, the diffusible component, which is 
dependent on plasma concentration, is considerably smaller in magnitude 
than the bound component, which is independent of dose or plasma concentra- 
tion. Thus the total concentration of acetazolamide in unwashed red cells 
appears more or less fixed (Fig. 5B top, and Ref. 1), somewhat obscuring the 
presence of the smaller, labile component (Fig. 5B bottom). However, it is 
this diffusible component that is pharmacologically active, while the bound 
part is probably inert (See discussion). 


B. Effect of Acetazolamide on C.S.F. Pressure 


1. Oral. Table II shows the average pressures obtained over a 24-hour period 
in non-hydrocephalic children, who received either acetazolamide or placebo 
(triple sulfonamide mixture). Table III shows a 2-day study, of somewhat 


’ Tf the diffusible component is regarded as only the undissociated (and unbound) mole- 
cule, then a further correction must be made. For a plasma concentration of 50 ug. per 
ml., 5 wg. per ml. is unbound, but at pH 7.4 about 35 per cent of the drug (11) is in the 
ionized (salt form). The unionized unbound component in plasma would then be about 3 
ug. per ml.; the C.S.F. concentration is about \% of this. 
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Fic. 5. A. RBC concentrations of acetazolamide in man. Washed RBC concentrations 
of acetazolamide in patients who received 75 mg. per kg. at 0 time and were followed for 
3 days. Patient J. P. received an additional dose at 24 hours. (Left of double line.) 

Also shown are patients who received 4 doses each of 30-40 mg. per kg. by mouth, 
every 12 hours, and who were then studied 1 and 2 weeks thereafter. (Right of double 
line.) 

B. Bound and diffusible components of acetazolamide in red cells. Unwashed cells were 
analyzed after centrifugation. Correction is made for plasma trapped in red cells (8 per 
cent) in the technique used. Washed cells were treated as described under Methods. Curve 
DC represents the difference between the two upper curves. Data suggest that there is a 
diffusible component of drug in red cells, whose concentration is related to plasma con- 
centration. 
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TABLE III 


Average Effects on C.S.F. Pressure of 48 Hour Treatment with Oral Acetazolamide in Six 
Non-Hydrocephalic Children 





| 
} 48 Hour C.S.F. Pressure 
Average No Treatment C.S.F. Pressure | 





Acetazolamide 





120 | 136 
+10 +17 +415 


mm. H:O + S.E.M. 

Patients were given 40 mg./kg. of placebo or acetazolamide q. 12 hrs. X 4. There were no spinal 
taps prior to the 48 hour pressure recording, the no-treatment pressures having been taken at 
another occasion. The same 6 patients were used for both drug and placebo study. Four out of 
6 patients showed a drop in pressure of 25 mm. H,O or more following acetazolamide. Two out 
of 6 patients showed a similar drop following placebo. The probability that the difference between 
no treatment pressure and pressure following acetazolamide administration is due to chance is 
between 0.05 and 0.10. 


different design, also in non-hydrocephalics. Table IV shows the diurnal effect 
of acetazolamide in hydrocephalics extended to 48 hours. Plasma concentrations 
corresponding to the data of Table II and IV are shown in Figures 4A and 4B. 

It is clear that acetazolamide by this route causes no rise in pressure over 
that of the placebo even when high plasma concentrations of the inhibitor are 
obtained.‘ 

In the non-hydrocephalic group, there is no pressure decrement 24 hours 
after acetazolamide (Table II); at 48 hours there is a slight but not significant 
decrease as compared with the normal pre-treatment or placebo data (Table 
Ii). 

In the-hydrocephalic group (Table IV), there is the indication that pressure 
falls at 24 hours and 48 hours, but not within 7 hours after acetazolamide 
administration. In one of the placebo tests, pressure was reduced to almost 
the level following acetazolamide treatment. The explanation for this is not 
evident, but illustrates the variability implicit in this patient group. In all of 
the five treated hydrocephalics, however (Table IV and Fig. 7), acetazolamide 
lowered pressure markedly, the decrement ranging from 83 to 160 mm. water. 
Patients with the highest initial pressures had the greatest fall. Data on a 
larger number of hydrocephalics during acetazolamide treatment have been 
given (3). 

Figures 6A and 6B show a 48-hour course of two of the hvdrocephalics with 
pressure plotted concurrently with acetazolamide and CO, concentrations in 


* The rise in pressure following both oral acetazolamide and placebo (Tables II and IV) 
may be an indication for a longer period of pressure readings prior to zero time. It may 
also result from the small water load given as suspending medium for both drugs; one- 
half to 1 liter of water by mouth is enough to raise C.S.F. pressure in adults (46). 
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TABLE IV 
Effect of Oral Acetazolamide and Placebo (75 mg./kg.)* on C.S.F. Pressure in Hydrocephalic Children 





C.S.F. Pressure—mm. HOt 


Acetazolamide Placebo 



































Patient = 
Time after oral dose—hours 
0 | ¥ 1 2/3 |7]ulel]ol% ais s|7|m| a 
vatinnemeel a = ee ee ee 2 a a a 
S. We.....| 155 | 128 | 173 | 232 | 180 | 72 | 87 | 203| 230 242| 200) 220) 184| 180) 160 
G. M. | 180 | 236 | 240 | 230 | 260 |208 175 | 95 se 236) 234| 237} on 218} 130) 114 
J. P.......| 190 | 262 | 275 | 230 | 215 |180 |110 | 90 | 220) 250) 225) 172| 195} 200) 200} 190 
Ni EiSa 215 | 360 | 305 | 258 | 246 {220 88 | | 
$$$ — ff ft td 





| | | | | pea | 
Average...| 185 | 247 | 248 | 238 | 225 |170 11s 93 | 204| 239) 234) 203} 235) 201| 170) 155 





* Drugs were given at 0 time, and again at 24 hours. 
ft Spinal taps were made on the first day (needle in place for about 8 hrs.) and again at 24 and 
48 hours. 


plasma. These data show again that high initial plasma concentrations of the 
drug when obtained by this route cause no consistent rise or fall until 24 hours, 
or more decisively, 48 hours after the onset of treatment. Figure 7 shows the 
effect of acetazolamide on ventricular fluid pressure and chemistry in a pa- 
tient with hydrocephalus. Results are similar to those obtained by lumbar 
puncture. Bulging of open fontanelles was reduced during treatment. 

2. Intravenous. Figure 8 shows that a single intravenous dose of acetazola- 
mide causes a sharp rise in C.S.F. pressure in hydrocephalics; under similar 
conditions a chemical closely akin to acetazolamide, but not a carbonic an- 
hydrase inhibitor, had no such effect. 

This extends previous data (4-6) to hydrocephalics and suggests that the 
effect is indeed a function of carbonic anhydrase inhibition. 

Several factors are worth noting. Despite the relatively slow decay of drug 
in plasma (Fig. 2), the rise in pressure lasts only about 30 minutes. It can be 
predicted that the C.S.F. concentration of acetazolamide is exceedingly low 
(less than 1 per cent of plasma concentration) during this time, and is actually 
rising (10) at the point where the pressure returns to normal. Neither oral 
administration of drug (Tables II and IV; Figs. 6A and 6B) nor continuous 
slow intravenous injection in dog (10), both of which led to higher plasma 
concentrations than obtained in the experiment of Figure 6, cause a pressure 
rise. 


C. Effect of Acetazolamide on C.S.F. CO, and Chloride 


Figures 6 and 7 and Table V show CO, concentrations in plasma and C.S.F. 
following acetazolamide. In these cases, as well as in 8 others studied, the 
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Fic. 6. Effect of oral acetazolamide on C.S.F. pressure and CO, in hydrocephalus. 
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Fic. 7. Effect of acetazolamide in a patient with hydrocephalus: Ventricular fluid pres- 
sure and chemistry. Six days elapsed between the control experiment and the onset of 
treatment. Drug experiment was done three days after the onset of treatment. 
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CSF. 
ratio of CO, in ————— increases following drug. This is not always or entirely 
Plasmaw 


due to the drop in plasma CO:, since there may be found in the first day an 
actual rise in C.S.F. CO, (Fig. 6B). In the mammal, where plasma CO; drops 
following acetazolamide, spinal fluid CO, ultimately follows, and the effect of 
drug, particularly after several days, can only be seen in terms of the altered 
ratio (Table V and Ref. 3). 
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Fic. 8. Effect of intravenous acetazolamide and control drug on C.S.F. pressure in 
hydrocephalus. Baseline pressures were obtained for about 1 hour before first injection. 
* indicates onset of procedure. Some struggling between this point and injection, which 
was given at arrow. Injection time = 1 minute. 


Since there is abundant evidence to show that pCO, in venous plasma is 
equivalent to that of C.S.F. both before (18) and after carbonic anhydrase 
inhibition (3), the altered ratios following acetazolamide can confidently be 
ascribed to increase in the HCO;- moiety. 
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TABLE V 
Abolition of the C.S.F.—Plasma Chloride Gradient by Acetazolamide 








Chloride Total CO2 Acetazolamide 





Plw C.S.F. Plw C.S.F. Pl 


| csF. 











millimoles/L + S.E.M. pug./ml, + S.E.M. 


Untreated* (7) 108 123 23.7 21.4 
3 4 0.7 0.4 

Untreatedt (3) 108 117 23.7 22.1 

Acetazolamidet (5) 118 119 18.8 19.1 19 0.3 
2 4 0.5 0.4 5 0.06 





* from ref. 3 

t from same group as treated. Includes an inactive hydrocephalic (S.K.) not in Table I. 

t Patients received oral acetazolamide 17-84 mg./kg. every 12 hours for 4 doses. Samples were 
taken 8-16 hours after last dose. 





Figure 7 and Table V show that following acetazolamide the normal chloride 
excess in C.S.F. was abolished. This normal excess is cited by Davson (18) as 
9 to 12 per cent; our data agree with this. 

In these patients acetazolamide showed its typical renal effect, resulting in 
a fall in plasma bicarbonate and rise in plasma chloride concentrations. 


DISCUSSION 
A. Pharmacology (Disposition) of Acetazolamide 


The above data may be compared with those for the antibacterial sulfona- 
mides, all of which are related to acetazolamide, in having the general structure 
Ar-SO.NHR. The distinctions between acetazolamide (as well as other carbonic 
anhydrase inhibitors) and the antibacterial sulfonamides are: 1) that in the 
former group R must be H, whereas in the latter class almost any substituent 
is possible. 2) For the carbonic anhydrase inhibitors Ar can be any homocyclic 
or heterocyclic ring, but for antibacterial action Ar must be p-anilino. 

Urinary Excretion. As with certain other sulfonamides (21) which are also 
acetylated on the amino N, acetazolamide is secreted by renal tubules in man. 
It is of interest that there is no detectable difference between the renal (elec- 
trolyte) responses to acetazolamide in dog (25) where it is reabsorbed, and in 
man where it is secreted. 

Plasma Half-Life: Volume of Distribution. The plasma half-life of acetazola- 
mide varies markedly with the species, being as low as 12 minutes in the mouse 
(38) and about 2 days in the elasmobranch (9). In man, renal excretion of the 
unbound fraction in plasma is very rapid, but the high degree of plasma bind- 
ing makes the actual excretion rate moderate. The plasma half-life in man 
is a direct function of renal transport and plasma binding, since virtually all 
of an administered dose appears in the urine within 24 hours. (The small 
amount sequestered in red cells does not substantially alter this). As indicated 
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in Figure 3, unbound acetazolamide can reasonably be regarded as distributed 
through body water, except for special compartments, which will be considered 
below. 

Oral Absorption: Plasma and C.S.F. Concentration of Acetazolamide. Doses of 
acetazolamide in the range 5-10 mg./kg. appear to be completely absorbed 
from the gut (1), but the higher doses used in the present study result in 
variable plasma concentrations, suggesting somewhat unpredictable absorp- 
tion. If absorption were complete, a dose of 75 mg./kg. would result in plasma 
concentrations over 100 ug./ml. according to the scheme of Figure 3. Clearly 
this was not always achieved; nevertheless plasma concentration reached at 
least 30 yg./ml. in all 10 patients of Figure 4. 

The data show that during drug treatment there is at least 20 ywg./ml. of 
acetazolamide in plasma. For this minimal figure, about 95 per cent is bound 
(Fig. 1) so that 1 wg./ml. is freely diffusible to react with carbonic anhydrase. 
This is a molar concentration of (5 X 10~-*), about 200 times greater than that 
required for 50 per cent inhibition im vitro (K,), and 10 times greater than 
needed for “complete” enzyme inhibition (14,45). Thus 20 ug. total drug/ml. 
plasma provides a reasonable excess of drug, to allow for the hazardous extra- 
polation between in vitro and in vivo systems. From these calculations it appears 
that less than {9 this concentration might be ineffective; such is the case 
for the renal effect, which depends on plasma concentrations greater than 2 
ug./ml. (25). About twice these concentrations are needed for inhibition of 
gastric carbonic anhydrase since correspondingly higher doses must be given 
(22). The minimum dose or plasma concentration for lowering of C.S.F. pres- 
sure in man has not been determined. Presumably the plasma concentration 
is in the range 2-20 yug./ml. In the cat, as little as 0.5 mg./kg. acetazolamide 
lowered flow: this corresponds to plasma concentration of about 2 yg./ml. 
immediately after intravenous injection (8). 

The very low concentration of acetazolamide in C.S.F. cannot be explained 
on the basis of plasma binding or ionization’. This unusual distribution is, 
however, shared by a few antibacterial sulfonamides (30), including those 
which have, like acetazolamide, a thiadiazole ring (47). The question arises 
as to whether the pharmacological effect in reducing C.S.F. pressure (i.e. of 
drug at the choroid plexus site) is the result of drug in plasma, as suggested in 
the previous paragraph, or in C.S.F. Even the low concentrations in C.S.F. 
(0.1 to 1.0 wg./ml.) are greater than that needed (0.05 ug./ml., ref. 45) for es- 
sentially complete inhibition in vitro. However, this margin is not very great, 
and we incline to the view that the reduction of pressure in C.S.F. depends on 
the concentration of unbound drug in plasma as it is delivered to the choroid 
plexus site. The question could readily be resolved by a dose-response study 
(this should ideally be done on C.S.F. flow) of acetazolamide and a related 
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ited drug, methazolamide (23), which has similar inhibitory and pharmacological 
te properties, except that it has a -—— ratio many times greater than that of 
plasma 

s of acetazolamide.® 

bed Concentration in Red Cells. Acetazolamide exists in red cells in both bound 
t in and unbound forms. The bound moiety cannot be washed out, and persists 
—— in vivo for about 2 weeks following a single dose (Fig. 5). This phenomenon is 
me the subject of a separate study (17); there is no evidence that carbonic an- 
arly hydrase is involved in this binding. None of the pharmacological effects of 


l at acetazolamide are based on this reaction (16, 25, 44), which appears to remove 


drug from an active role. An attempt has been made to correlate the retention 
. of of CO, in the dog with concentration of acetazolamide in red cells (48). In 





und that study, however, no distinction was made between bound and unbound 
aes. fractions. The presence of a dose-response relationship (48) argues against 
hat the pharmacological effect of the bound fraction, since the concentration bound 
han is independent of dose (1, 17). 

ml. The unbound or diffusible moiety of drug in red cells appears to reflect its 
tra- concentration in plasma (Fig. 5B and Ref. 17). This accounts satisfactorily 
aon for the (seemingly odd) observation that CO, retention following acetazola- 
ase mide, i.e., inhibition of red cell carbonic anhydrase, is based on plasma rather 
n2 than total red cell concentration of drug (16). The effects of CO, retention in 
| of elevating C.S.F. pressure is discussed in Section B-2 below. 

ven 

res- B. Effect of Acetazolamide on C.S.F. Pressure 

ion 1. Oral. Since acetazolamide decreases C.S.F. flow in animals (7, 8) and is 
ide effective in long-term treatment of hydrocephalus (2, 3), the /owering of pres- 
ml. § sure was expected. Presumably the drug acts at the choroid plexus, where 


there is high concentration of carbonic anhydrase (3). As discussed below, 
Cl- secretion appears to be involved. The course of pressure lowering was of 
interest; 24-48 hours is required (Fig. 6; Table IV). This delay is in sharp 
contrast to the rapid (within 3 hours) reduction in intraocular pressure in 


~ 
# 


Ses {glaucoma following oral acetazolamide (24). However, the turnover rate of 

of ; C.S.F. is %g—Moo that of aqueous humor; the figures being 0.1-0.3 per cent 
[in § of the volume per minute for C.S.F. and 1-2 per cent per minute for aqueous 
-F. humor (18). Data are consistent with drug causing reduction of the compara- 
es- tively slow C.S.F. secretion, leading gradually to decline in excess volume. 
. 5 5A similar study has been done in this laboratory (44) comparing the relative activity 
nid of these two drugs in lowering intraocular pressure which is partially dependent on aqueous 


humor secretion under the influence of carbonic anhydrase. The superior (by at least five- 
dy fold) penetration of methazolamide into the aqueous humor did not confer a higher activity 
ted in this test. 
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This, in a compressible compartment, is ultimately manifest in a pressure drop; 
the slow turnover rate accounts qualitatively for the delay in effect. 

The lack of conspicuous effect of acetazolamide in lowering C.S.F. pressure 
in normals (Tables II and III) is not surprising, since our basal pressures 
probably approach those in the collecting veins, and there is doubtless a com- 
ponent of secretion not dependent on carbonic anhydrase as in the kidney 
(16). The same situation is encountered with respect to intraocular pressure; 
the striking response to acetazolamide in glaucoma is not seen in normals (24). 

The failure of oral acetazolamide to raise intracranial pressure was of inter- 
est and of obvious practical value. This contrasts with the sharp rise follow- 
ing intravenous injection (Ref. 4 and Fig. 8). Due to the large doses used, 
higher plasma concentrations could be achieved by the oral route (Fig. 4), 
than following intravenous acetazolamide at a dose (14 mg. per kg., see Fig. 2) 
which did cause a rise in pressure (Fig. 8). It is evident that even when very 
high drug concentrations are achieved (of the order of 100 wg. per ml.), oral 
acetazolamide does not raise intracranial pressure. 

2. Intravenous. Since intravenous acetazolamide at low doses causes an 
immediate rise in C.S.F. pressure, while its inactive analogue does not, (Fig. 
8) it is reasonable to assume that the effect is due to carbonic anhydrase in- 
hibition. As noted, neither large oral doses (Fig. 6, Tables II and IV) nor con- 
tinuous intravenous infusion in dogs (10) produce the effect. The immediate 
and transient nature of the reaction suggests that it is vascular in origin. 

The rise in C.S.F. pressure appears due to instantaneous local accumulation 
of carbon dioxide in brain-capillary blood, following carbonic anhydrase in- 
hibition in circulating erythrocytes. It is postulated that blood containing 
acetazolamide converts metabolic CO, to HCO; at slower rate than normal. 
After administration of this drug, venous pCO: is immediately elevated 5 to 
20 mm. Hg, whether based on application of the Henderson-Hasselbalch 
equation (16, 25; earlier literature cited in Ref. 16), calculation from alveolar 
CO, output (26), direct measurement of CO, tension from a rebreathed lung 
(26a) or tissue pouch (27). Five to 7 per cent CO, in inspired air (which in- 
creases arterial or venous pCO, approximately 7 to 14 mm. Hg.) produces an 
increase in cerebral blood flow of 50 to 150 per cent (29). This sensitivity of 
cerebral vessels to CO, appears to account satisfactorily for the immediate 
rise in C.S.F. pressure following acetazolamide. 

The rapid return to normal pressure in the face of continued carbonic anhy- 
drase inhibition is characteristic of this effect. Factors responsible have not 
been identified; possibilities are tachyphylaxis to CO., a new equilibrium be- 
tween CO, and HCO; to which vessels are less responsive, and pressure 
homeostasis through re-equilibration of fluid volumes even if cerebral blood 
flow remains elevated. 
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Entry of inhibitor into the cerebrospinal fluid*® does not appear to be a factor 
in the elevation of C.S.F. pressure. As Figures 4A and 4B show, even after a 
period for equilibration, C.S.F. concentrations of acetazolamide are usually 
less than 1 per cent of that in plasma, and initially they are negligible or ab- 
sent, i.e. <0.2 wg. per ml. We have compared acetazolamide with methazola- 
mide (23), a carbonic anhydrase inhibitor of approximately the same activity 
but which achieves considerably higher concentrations in brain and C.S.F. 
There was no difference in the effect on elevation of C.S.F. pressure, and the 
doses necessary to produce a standard response were roughly the same (10). 
This comparison again suggests that the effect of a carbonic anhydrase in- 
hibitor in elevating C.S.F. pressure is due to an immediate effect on brain 
vasculature, secondary to inhibition of enzyme in red cells. 


C. Effect of Acetazolamide on C.S.F. Total CO. and Chloride 


In all species thus far examined, there is a relative (to plasma water) deficit 
of total CO, in spinal fluid (31). This deficit is abolished in humans receiving 
continuous treatment with acetazolamide (3); in the present short term studies 
there is often also an absolute rise in C.S.F. CO:, as already reported for the 
cat (19). 

In the elasmobranch, total CO, triples in C.S.F. following acetazolamide. In 
this species there is no renal effect, and hence no drop in plasma CO,; it is not 
necessary to deal with ratios, and absolute rather than relative rises in C.S.F. 
CO, have been found. The CO, retention is regarded as independent of changes 
in acid-base balance of the blood and occurs prior to increase in brain total 
CO, (9, 20). 

Clearly this change represents retention of the species HCO;-, since there 
is nothing to suggest a pCO, difference between plasma and C.S.F. either 
before or after acetazolamide (18, 3, 10). 

The data available from all species thus far examined show an excess of 
chloride in the cerebrospinal fluid, compared to plasma water (ref. 18, p. 229). 
Following administration of acetazolamide, C.S.F. chloride concentration 
falls in the cat (19) and elasmobranch (9). It appears reasonable that acetazola- 
mide interferes with a chloride accumulating mechanism in the C.S.F. (19).” 


6 Presumably also of brain tissue, since our unpublished observations with acetazolamide 
as well as those of Fisher et al. (30) with other sulfonamides show that concentrations of 
such drugs in brain and C.S.F. are similar. 

7It is tenable that these changes involve Na* primarily, rather than Cl-; the same 
question inevitably arises in renal pharmacology. Na™ turnover into spinal fluid is reduced 
by acetazolamide (19); Cl- turnover has not been studied. Interference with chloride trans- 
port is thought more likely in view of analogy with the gastric C.A. system (33) and since 
there is no excess of Nat in the C.S.F. of man, or effect of acetazolamide on Na* distribu- 
tion between C.S.F. and plasma (3). 
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That such a mechanism is in part dependent upon carbonic anhydrase for its 
function, has at least two counterparts in general physiology; secretion of the 
frog stomach (32, 33) and the nasal gland of seabirds (34, 35). In all three 
cases Cl- and H* are linked, and inhibition of secretion leads to a relatively 
alkaline fluid, with lowered chloride output. 

The present study shows that carbonic anhydrase inhibition abolishes the 
chloride excess in the C.S.F. of man. In this species, however, the situation is 
complicated by the rise in plasma chloride, which appears partially as the 
reciprocal of the fall in plasma HCO;-. Plasma chloride rises to the extent 
that a potential fall in C.S.F. chloride concentration could be expected to be 
obscured by simple diffusion equilibrium between the two compartments. The 
data show in fact that abolition of the chloride gradient in man is largely by 
virtue of the concentration rising in plasma, the component of fall in C.S.F. 
chloride being small or absent. Again, it is likely that data from the elasmo- 
branch might be relevant and more revealing, since in this species there is no 
change in plasma chloride concentration following carbonic anhydrase inhibi- 
tion. In this situation acetazolamide lowers C.S.F. chloride concentration 
about 12 per cent, which abolishes the gradient (9). 


D. Summary of Sites of Carbonic Anhydrase Activity in Brain 


There appear to be two factors of carbonic anhydrase activity in brain 
responsible for the present results. It is suggested that inhibition of the enzyme 
produces effects as follows: 

1. At the choroid plexus and other possible secretory sites: The flow of 
cerebrospinal fluid is decreased; this is probably secondary to inhibition of an 
active chloride transport system from plasma to C.S.F. This results in a slow 
decline in C.S.F. pressure, which is clearly seen in hydrocephalus and is main- 
tained as long as inhibition is continued. The initial chemical change is that 
chloride excess in C.S.F. is reduced or abolished, and there is an increase of 
C.S.F. HCO;- concentration relative to plasma. 

2. In blood vessels of brain: Metabolic carbon dioxide, which is normally 
converted rapidly to HCO;- through mediation of carbonic anhydrase within 
erythrocytes, builds up to produce an immediate and transient effect of cerebral 
vasodilatation and increased C.S.F. pressure. 

When cerebral cortex or other parts of brain are homogenized, carbonic 
anhydrase is found (36). It has been generally supposed that this is from 
parenchyma, but no role for carbonic anhydrase in neurones has been found. 
As in other tissues, CO, rather than HCO;-, is the dominant end product of 
carbohydrate metabolism in mouse brain (37). 

As suggested above, the actions of carbonic anhydrase inhibitors under 
study cannot be correlated with their concentration in brain parenchyma or 
cerebrospinal fluid. In experimental epilepsy in rats and mice, acetazolamide 
is active despite virtual exclusion from brain: in the rat it is essentially equi- 
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active with methazolamide (38), although the latter drug penetrates brain 
tissue of this species at least 10 times as well (unpublished observations). 
The two drugs are also about equal in their effects in human epilepsy (39). 
We provisionally regard the effect in epilepsy as due to the inhibition of blood 
carbonic anhydrase—factor 2 above. Our data in this and related studies are 
consistent with the hypothesis that “brain carbonic anhydrase’’ is in fact 
secretory in nature, and perhaps located at the neuroglial perivascular mem- 
brane (40). Inhibition produces effects as cited for the choroid plexus—factor 
1 above. 


E. Possible Relation of Present Findings to Acetazolamide Induced Hepatic Coma 

The induction of coma by acetazolamide in patients with liver disease has 
been described (41), and it has been suggested that in cirrhotics acetazolamide 
can cause a small increase in venous ammonium concentration (41) and con- 
traction of the arteriovenous ammonium difference (42). If coma following 
acetazolamide is based on some form of cerebral ammonia toxicity, it could 
be explained by the changes in CO, equilibria described above, with the result- 
ant alteration in distribution or concentration of the species NH,* and NHs3. 
There are at least two possibilities: 1) In the C.S.F. alkalosis following acet- 
azolamide, the ratio NH;/NH,*+ (pKa = 8.9) will increase. If total ammonia 
is constant, C.S.F. NH; will double for each pH increase of 0.3. The unionized 
species, in this view, would be the toxic agent. This seems a reasonable possi- 
bility, in view of its rapid penetration into tissues. It has been found that 
respiratory alkalosis, which produces the same pH elevation in C.S.F. (18) as 
acetazolamide, is associated with hepatic coma (43). 2) Since there is elevated 
pCO, in tissues and in venous blood, but no increase in total CO:, acetazola- 
mide elicits an uncompensated respiratory acidosis; this pH lowering traps 
NH,* in nerve cells*, and would explain the elevation in venous ammonia. At 
pH 7.2, for example, (NH;)/(NH,*) would be %o, but at pH 6.9 this becomes 
V4 o9- The actual effects of acetazolamide on the distribution of ammonia are 
susceptible to study: the roles of various pH gradients on which these sug- 
gestions are based, have recently been published (49). 


CONCLUSIONS 
1. Acetazolamide has the following distribution characteristics in man: a) 
excreted unchanged; b) well absorbed; c) about 90 per cent bound to plasma 
protein; d) secreted by renal tubules; e) plasma half-life of 100 minutes; f) 
sequestration in red cells, so that erythrocyte half-life is 3 days; g) poorly 
diffusible into the C.S.F.; h) unbound fraction probably distributed through 

body water except for special compartments. 
2. Administration of 75 mg. per kg. per day orally lowers the cerebrospinal 
fluid pressure in hydrocephalics. The effect in patients with normal pressure 
is variable. These effects take 24 to 48 hours to become manifest, continue as 


§ Suggested by Drs. Donald Seldin and David Rall. 
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long as drug is given, and are regarded as secondary to the slowing of secretion 
of cerebrospinal fluid through inhibition of carbonic anhydrase at the choroid 
plexus site. It is probable that lower doses would be equally effective. 

3. Acetazolamide causes an elevation in the cerebrospinal fluid/plasma ratio 
of HCO;-, and usually an absolute increase in C.S.F. HCO;- concentration. 
The excess of chloride in the C.S.F. is reduced, and usually abolished. The 
effect is most prominent on the first day of treatment. This is provisionally 
regarded as due to the inhibition of Cl- (and associated H+) transport at the 
choroid plexus, which may be the underlying mechanism for the reduction of 
C.S.F. flow and pressure. 


4. Intravenous acetazolamide immediately raises cerebrospinal fluid pressure, 
probably as a result of carbonic anhydrase inhibition in the blood. The effect 
is transient (30 minutes) even when plasma concentrations are maintained. It 
is suggested that this is a vascular phenomenon, secondary to the effect of 
elevated local CO, in dilating blood vessels in the brain. 
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Although coagulase production has long been accepted as the most reliable 
criterion for the selection of pathogenic staphylococci, fermentation of man- 
nitol is regarded also as a common property of virulent strains. These proper- 
ties are embodied in the description of Staphylococcus aureus given in the 
seventh edition of Bergey’s Manual of Determinative Bacteriology (1). In 
this edition, coagulase producing and mannitol fermenting strains are classi- 
fied as Staphylococcus aureus, regardless of pigment production. In the light 
of this definition, it seemed desirable to attempt the development of a method 
for determining coagulase production and mannitol fermentation simultane- 
ously in a single medium, since such a test would obviously simplify the 
identification of Staphylococcus aureus. 


The basic approach to this problem was offered by the method for determining coagulase 
production described in Stokes’ “Clinical Bacteriology” (2). This is a modification of a 
method previously reported by Williams and Harper (3) and attributed by Dr. Stokes to 
Dr. A. A. Miles (4). In the test as described by Stokes, and hereafter referred to as the 
Stokes test, 10 drops of sterile, human blood bank plasma are added to 5 ml. of broth. 
This plasma-broth mixture is inoculated from a colony of staphylococci, incubated at 
37° C. for 8 to 18 hours and examined for coagulation of the medium. It seemed possible 
that mannitol could be incorporated in the plasma-broth and coagulase production and 
mannitol fermentation thus determined simultaneously. 

A preliminary investigation of the Stokes coagulase test, using a total of over 100 strains 
of freshly isolated staphylococci, was undertaken to determine the possibilities and limita- 
tions of the procedure. It proved to be a simple, reliable, economical and rapid method for 
demonstrating coagulase production and the results consistently paralleled those of the 
conventional test tube coagulase test. Under optimal conditions, complete coagulation of 
the medium occurred in 2 to 4 hours. The clot persisted during 24 hours’ incubation at 
37° C. and subsequent refrigeration at 4° C., although occasionally there was some slight 
contraction of the coagulum. 

Reproducible results were obtained under a variety of conditions. In B.B.L.' infusion 
and Bacto* heart infusion broth, 50 per cent of the human blood bank plasmas examined 
were found to be satisfactory. With a suitable, selected plasma, concentrations of from 5 
to 15 per cent gave satisfactory results in volumes of media ranging from 1 to 5 ml. Varia- 





1B.B.L. = Baltimore Biological Laboratory, Inc., Baltimore, Md. 
2? Bacto = Difco Laboratories, Detroit, Michigan. 
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tions in the age, size or source of the inoculum did not affect the end result but did in- 
fluence the speed of coagulation, a heavy inoculum (2 drops) of a young broth culture 
giving the most rapid results. Coagulation was found to occur more quickly at 37° C. than 
at room temperature. Plasma-broth mixtures stored for several weeks at 4° C. yielded the 
same results as media freshly prepared with the same plasma. 

Using methods selected on the basis of experience with the Stokes coagulase test, the 
simultaneous determination of mannitol fermentation and coagulase production was under- 
taken. It was found that this could be accomplished successfully by adding mannitol to a 
suitable basic medium containing a pH indicator and a selected plasma. The basic medium 
chosen for preliminary trials was B.B.L. infusion broth. To this were added 1 per cent 
mannitol and 0.003 per cent phenol red indicator and the medium autoclaved in 100 ml. 
amounts. 

Satisfactory plasmas were selected by testing various lots of human blood bank plasma 
with at least twelve strains of staphylococci, including strong, weak and negative coagulase 
producing strains. The plasmas were checked also for sterility and spontaneous coagula- 
tion in the basic medium. Twelve per cent of a selected plasma was added to the basic 
medium and this mannitol-plasma broth distributed in 2 ml. amounts in sterile Wasser- 
mann tubes. The use of other media was later investigated (Table II), but B.B.L. infusion 
broth was used as the basic medium for all studies unless otherwise indicated. 


1. Demonstration of Coagulase Production 


The demonstration of coagulase activity in mannitol-plasma broth was 
uniformly successful. The addition of mannitol to the medium, its fermenta- 
tion and the resultant acid production did not interfere with coagulation of 
the medium by coagulase-producing, mannitol-fermenting strains of staphy- 
lococci. The entire medium was solidly coagulated in 2 to 4 hours and this 
reaction frequently occurred more rapidly than in plasma broth without man- 
nitol. The coagulum was stable with only occasional slight contraction during 
24 hours at 37°C. and subsequent refrigeration at 4°C. As in the Stokes coagu- 
lase test, there was 100 per cent correlation with the results obtained with the 
conventional test tube coagulase test and the results were reproducible (Table 
IV). 

Only slight differences in the rapidity of coagulation were noted when dif- 
ferent basic media (Table II), plasmas (Table III) or strains of staphylococci 
were used. The effects of the age, size and source of the inoculum and of the 
amount of medium used were restudied in mannitol-plasma broth and these 
variables were again found to have no appreciable effect on the demonstration 
of coagulase activity or on the fermentation of mannitol in the combined 
mediu™. Two drops of a 24 hour broth culture added to 2 ml. of the test medium 
was adopted as the standard inoculum for comparative studies. 

As with the plain plasma broth, mannitol-plasma broth could be stored at 
4°C. without deterioration. Mannitol-plasma broth prepared with infusion 
broth and four different blood bank plasmas were refrigerated for as long as 
78 days. The media were then inoculated with 12 strains of staphylococci of 
varying reactions, and the results were identical with those obtained in media 
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freshly prepared with the same plasmas. In a second experiment, mannitol- 
plasma broths were prepared with the four different basic media found to be 
satisfactory for this test (Table IT) and with two different blood bank plasmas. 
These media were stored at 4°C. for from 36 to 56 days, and then inoculated 
with 24 strains of staphylococci representing various degrees of ability to 
produce coagulase and ferment mannitol. The results obtained were typical 
of the individual strains in all four of the media and with both plasmas. 


2. Demonstration of Mannitol Fermentation 


Manitol fermentation by staphylococci was not as simple to demonstrate 
in the combined medium as was coagulase production. The difficulty encoun- 
tered was caused by the fact that, when B.B.L. infusion broth containing 
phenol red but without added carbohydrate or when sugar-free B.B.L. phenol 
red broth base were used as basic media for the simple Stokes coagulase test, 
a transient acidity was produced by all strains of staphylococci. This acidity, 
which is believed to be due in part to fermentation of the glucose present in 
blood bank plasma, appeared after 2 to 4 hours’ incubation at 37°C. and was 
consistently greater with coagulase-positive than with coagulase-negative 
strains. After 4 to 6 hours’ incubation, reversion to alkalinity began and there 
was a marked alkaline reaction after 24 hours at 37°C. 

When mannitol was incorporated in either infusion broth containing phenol 
red or in phenol red broth base, mannitol fermenting strains of staphylococci 
produced a marked acid reaction that persisted indefinitely. Mannitol-nega- 
tive strains, however, produced the same reaction as was observed to occur 
with all strains of staphylococci in mannitol-free plasma-broth, that is, a 
transient acidity which reverts to alkalinity with progressive incubation at 
37°C. In strains which coagulate the medium this reversion took the form of 
an alkaline upper layer comprising 14 to 4 of the clot, the bottom portion 
remaining acid. In coagulase-negative strains, the entire medium reverted to 
alkalinity. It was again noted that this transient acidity was consistently 
greater and occurred more rapidly with coagulase-positive, mannitol-negative 
strains than in strains which failed to produce coagulase or ferment mannitol. 
These findings are summarized in Table I. The reactions later obtained in 
Bacto purple broth base containing mannitol and blood bank plasma are also 
included in Table I and will be referred to in the section on the comparison of 
various media. - 

From these results it was obvious that in infusion broth and phenol red 
broth base containing mannitol and blood bank plasma, staphylococci could 
not be differentiated on the basis of mannitol fermentation in less than 24 
hours at 37°C. Since coagulase production could be determined accurately in 
2 to 4 hours, attempts were made to demonstrate mannitol fermentation in 
this short period of incubation. It seemed possible that the transient acidity 
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TABLE I 
Reactions Produced by ta in Mannitol-Plasma Broth 





| pH Changes in Various Basic Media 





| Coagula- | 
Characteristics of ae of In- | | tion in all) Infusion broth! Infusion broth! or | 


| 
| 
| 
| 





























Staphylococcus bation Basic l red broth l red broth ‘Purple broth base 
| Media eo | base! containing coujsininn tod 
blood bank plasma* | blood bank plasma' | ro i 
but no mannitol | and mannitol* — 
7. . | * 
Coagulase-positive, 2-4 hours sl. Aor A A : = 
Mannitol-positive | 4-6hours | + A, K surface A sl. A 
| 24hours | + K—upper half | A 
| 
| | A—lower half | 
Coagulase-positive, 2-4hours | + sl. AorA sl. AorA | K 
Mannitol-negative 4-6 hours + A, K surface A, K surface | sl. AorK 
24 hours + K—upper half | K—upper half | K 
A—lower half | A—lower half | 
Coagulase-negative, 2-4 hours 0 sl. AorA A 
Mannitol-positive 46hours| 0 sl. A A | sh A 
24 hours | 0 K A | A 
Coagulase-negative, 2-4 hours | 0 K | K K 
Mannitol-negative 46hours| 0 sl. A | sl. A | sl. AorK 
| 24 hours 0 K K | K 
| | 
A = Acid 
K = Alkaline 
sl. = Slight 


1. Infusion broth, either B.B.L. or Difco heart infusion, contains phenol red indicator 
2. B.B.L. phenol red broth base 


3. Blood bank plasma in 12 per cent concentration 
4. Mannitol in 1 per cent concentration 


produced by mannitol-negative strains might be eliminated by reducing or 
removing the glucose from the plasma. The use of heparinized plasma and 
citrated plasma without the glucose-containing A.C.D. solution used in the 
preservation of blood bank blood was tried with no success. The amount of 
acid produced by mannitol-negative strains of staphylococci was decreased 
but not eliminated, and, as in previous experiments, coagulase-positive, man- 
nitol-negative strains produced more acid than did strains negative for both 
properties. At the same time, acid production by mannitol-fermenting staphy- 
lococci was delayed to such an extent that 24 hours’ incubation at 37°C. was 
required for accurate differentiation on the basis of mannitol fermentation. 
Elimination of glucose from the plasma broth by enzymatic action was 
then attempted. Glucose oxidase was added in varying amounts to infusion 
broth containing the usual concentrations of phenol red, mannitol and blood 
bank plasma. The mixtures were held at room temperature and tested at 
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hourly intervals for the presence of glucose with Tes-Tape.* The plasma broth 
was shown by this admittedly rough method to contain originally considerable 
glucose. During 3 to 4 hours at room temperature, examination with Tes-Tape 
showed progressive reduction of the glucose until none could be detected. The 
enzyme-treated plasma broth was then distributed in 2 ml. aliquots and inocu- 
lated with 20 strains of staphylococci of known coagulase-producing and man- 
mitol-fermenting ability. A series of controls of the same medium not treated 
with glucose-oxidase and inoculated with the same cultures was also prepared. 

This enzymatic treatment of mannitol-plasma broth was repeatedly unsuc- 
cessful. Uninoculated medium controls showed the enzyme to be contaminated, 
50 per cent of the tubes showing growth. This contamination did not interfere 
with coagulase activity, coagulation paralleling that obtained in the control 
series in untreated medium. As would be expected, however, the contaminants 
did cause inaccuracies in the determination of mannitol fermentation. A per- 
sistent acid reaction was produced in some tests with mannitol-negative strains 
of staphylococci, while in other instances the indicator was destroyed and the 
medium became colorless. In a number of tests, however, contamination was 
either absent or did not interfere with the reaction. In these the transient 
acidity produced by mannitol-negative strains was decreased but not elimi- 
nated completely. At the same time, the production of acid by mannitol-fer- 
menting staphylococci was so delayed that after 4 to 5 hours’ incubation at 
37°C. these strains could not be differentiated from those failing to ferment 
mannitol, and 24 hours at 37°C. was still required to differentiate mannitol- 
positive and negative staphylococci. 

As the result of these studies and those carried out with various other media 
and plasmas (Tables I, IT and ITI), 24 hours’ incubation at 37°C. was accepted 
as the necessary and standard period of incubation for determining mannitol 
fermentation and readings were henceforth made and interpreted as given in 
Table I. 


3. Use of Various Media 


A number of different media were compared for use in the combined coagu- 
lase-mannitol fermentation test. The media and the results obtained in re- 
peated trials are summarized in Table II. All were satisfactory for the determi- 
nation of coagulase activity and differed only in the speed of the reaction. For 
mannitol fermentation, however, only B.B.L. infusion broth and phenol red 
broth base and Bacto heart infusion broth and purple broth base gave de- 
pendable results. The reactions in these media are given in detail in Table I. 
Mannitol fermentation was clearly demonstable in these media. Transient 
acidity reverting to an alkaline reaction was produced by all mannitol-nega- 


*Tes-Tape = Eli Lilly and Company, Indianapolis, Indiana. 
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TABLE II 
Evaluation of Various Basic Media for Use in the Combined Coagulase-Mannitol Fermentation Test 
Medium ——_|Cogmmecial| Coneulers Produce | Demat a ast arse, | Conclusion 
| 
Infusion broth? B.B.L. +, 2-4 hours | accurate! | acceptable 
Heart infusion broth | Difco +, 2-4 hours | accurate! | acceptable 
Brain heart infusion | Difco slow positive reaction with nega- unacceptable 
broth 3-24 hours tive strains 
Phenol red broth | B.B.L. +, 1-2 hours | accurate! acceptable 
base? 
Phenol red broth base| Difco +, 1-2 hours | positive reactions with nega- | unacceptable 
tive strains 
Purple broth base | Difco +, 1-2 hours | accurate acceptable 














1 pH changes described in Table I 

? Dehydrated infusion broth containing mannitol and phenol red indicator and dehydrated 
phenol red broth base containing mannitol were kindly supplied by the Baltimore Biological Lab- 
oratory and gave results identical with those obtained in media prepared in our laboratories by 
the addition of phenol red and mannitol to dehydrated infusion broth and mannitol to dehydrated 
phenol red broth base. 


tive strains in all the acceptable media with the exception of the Bacto purple 
broth base. This medium either remained alkaline or the acid reaction was 
very slight. With mannitol-fermenting strains of staphylococci, however, acid 
production in Bacto purple broth base was delayed to the point that overnight 
incubation at 37°C. was required for accurate interpretation of the results. 
Thus all four media required incubation and no advantage was offered by any 
in determining coagulase production or mannitol fermentation. 

Plasma broth prepared from Bacto brain heart infusion and Bacto phenol 
red broth base gave poor results in the determination of mannitol fermenta- 
tion. In these media the acidity produced by mannitol-negative staphylococci 
was not transient, there was little or no reversion to alkalinity and the reaction 
could not be clearly differentiated from that produced by mannitol-fermenting 
strains. For this reason these media are regarded as unsatisfactory for the 
combined coagulase-mannitol fermentation test. 


4. Use of Plasmas of Various Origins 


A number of plasmas from different animal sources were compared for use 
in the coagulase-mannitol fermentation test. The various plasmas examined 
and the results obtained are summarized in Table III. Of 26 samples of blood 
bank plasmas, 14 proved to be satisfactory. In trials with 3 different human 
plasmas, dilutions of 1:3 were as satisfactory as the undiluted plasma when 
both were used in 12 per cent concentration. In one study in which twelve 
different blood bank plasmas were tried in various media, 6 of the samples 
were satisfactory and 3 were unacceptable in all media. The remaining 3 
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TABLE III 


Evaluation of Plasmas from Various Sources for Use in the Combined Coagulase-Mannitol 
Fermentation Test 


| | 





Results Obtained in Coagulase- 














Source of Plasma 'Number ol Coste | Mannitol Fermentation Test | Gonciy- 
——— | | Sterility | Sterile sion 
Commercia | Animal | | Media | Coagulation | Fermentation 
| } | 
Blood Bank | Human, individuall 26 | + | —/+ | : | s S 
Cappel? | Rabbit, desiccated | 2 - P — | Ss S S 
Cappel® | Horse, desiccated | 2 ~ | a | false posi- | false posi- | NS 
tive tive 
Cappel? Sheep, fresh and 2 | + — | not coagu- | S NS 
| desiccated lated 
Warner- | Pooled human 2 | — | + | false posi- | false posi- | NS 
Chilcott |  blood-bank | tive | tive 
| blood, desic- | 
cated? 
Difco Rabbit, desiccated! i ye | - | weak and | false posi- | NS 
| | irregular | tive 





S = Satisfactory 

NS = Not satisfactory for coagulase-mannitol fermentation test. Does not imply the plasma 
is not satisfactory for the conventional coagulase test. 

13 of 6 blood bank plasmas coagulated spontaneously in one lot of B.B.L. Phenol red broth 
base. In later trials, 12 samples of blood bank plasma did not coagulate in three other lots of this 
medium. 

2 Experimental lots of Cappel plasma of rabbit, horse and sheep origin were kindly supplied 
by Dr. Harriette Vera of the Baltimore Biological Laboratory. One lot of commercial Cappel plasma 
was identified by Dr. Vera as horse plasma. 

§“Diagnostic Plasma’ was identified by Warner-Chilcott Laboratories as pooled, normal, 
human blood bank plasma. 

‘Bacto-plasma was kindly supplied by the Difco Laboratories and was identified as rabbit 
plasma. 


plasmas were found to give satisfactory coagulation in B.B.L. phenol red 
broth base, but were not coagulated by coagulase-positive strains when in- 
fusion broth, either B.B.L. or Bacto, were used as the basic medium. This 
emphasizes the fact that each plasma must be checked carefully in the medium 
in which it is to be used. 

As shown in Table III, the only other plasma found to be satisfactory was 
desiccated rabbit plasma furnished by the Cappel Laboratories. This rabbit 
plasma gave excellent coagulation and typical pH changes when used either 
whole or diluted 14. The other commercial plasmas tried, of horse, sheep and 
human origin, were not acceptable for use in this test. As shown in Table III, 
they were contaminated, and either coagulated spontaneously in sterile media 
or failed to be consistently coagulated by coagulase-producing strains of 
staphylococci. 
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RESULTS OBTAINED WITH THE COAGULASE-MANNITOL FERMENTATION TEST 


The good results obtained in these preliminary trials of the test for simul- 
taneously determining coagulase production and mannitol fermentation led 
to the examination of a number of freshly isolated staphylococci by this method. 
Studies were carried out separately in the clinical laboratories of two hos- 
pitals. In both series the medium used was B.B.L. infusion broth containing 
phenol red, 1 per cent mannitol and 12 per cent selected human blood plasma, 
distributed in 2 ml. amounts. In the first series (Table IV) the inoculum con- 
sisted of 2 drops of a 24 hour broth culture; in the second series (Table V) the 
medium was inoculated with growth from an agar slant or blood agar plate 
culture. 

The results obtained in the first series, comprising 100 consecutively iso- 
lated strains of staphylococci, are given in Table IV. In regards to this table, 
it should be mentioned that a previous study (5) of 168 strains of newly iso- 
lated staphylococci showed that when pure cultures were streaked lightly 
on B.B.L. tellurite glycine agar plates (6) heavy growth of black colonies al- 
most invariably indicated a coagulase-producing staphylococcus. The results 
of the inoculation of tellurite glycine agar with the present series of organisms 
is included in Table IV. Also given are the results obtained with the conven- 
tional test tube coagulase test, using 0.5 ml. of selected undiluted blood bank 
plasma and 0.5 ml. of 24 hour broth culture, the results of the Stokes coagulase 
test performed as previously described in infusion broth containing 12 per 
cent blood bank plasma, and the fermentation of mannitol determined in 
B.B.L. phenol red broth base containing 1 per cent mannitol. 

As shown in Table IV, there was 100 per cent correlation between the tests 
employed. It is interesting to note the occurrence of 17 white-pigmented strains 
and of 21 non-hemolytic strains among the 86 cultures which produced coagu- 
lase and fermented mannitol, and which thus satisfy the criteria for Staphylo- 
coccus aureus as given in Bergey’s Manual of Determinative Bacteriology (1). 
Of the 100 strains, only 8 would be classified as Staphylococcus epidermidis 
(coagulase negative, manitol negative). No species name is suggested in the 
aforementioned Manual for the 6 strains which produced coagulase but which 
failed to ferment mannitol. One stock culture but none of the 100 strains in 
this series fermented mannitol in the absence of coagulase production, although 
a number of such organisms were found in the second study (Table V). The 
two series also differed in that no coagulase-positive, mannitol-negative strains 
occurred in the second group of cultures. 

In the second series (Table V), 124 strains of recently isolated staphylococci 
were examined. The results observed in the demonstration of coagulase ac- 
tivity and pH changes denoting mannitol fermentation were identical with 
those obtained in the original studies (Table I). In this series, the results of 
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TABLE IV 
Summary of Results of Study of 100 Freshly Isolated Strains of Staphylococci—The Johns Hopkins 
Hospital 





| Number of Strains Positive For: 
| | 





| | | i 

















i aol Content coagulase- 
— , No. to tat 
Description of Oxgeniam | Strains _— -_ ” Conventional} Stokes | Mannitol | Growth on 
| : | test tube | coag. fermenta- |tellurite glycine 
‘ coag. test test tion | agar plates 
Coagulase =" 
7 Ti =a ms pen 3 SF a 
Staphylococcus 
aureus! 86 | 86 86 | 86 | 86 86 | 86 
| | | 
Orange pigment........| 69 o | 69 6 | © 69 
Hemolytic . = | & 58 58 58 58 58 
Non-hemolytic.........,; 11 | 11 | 12 | ‘tf | 11 1 | i 
| | 
White pigment - i 17 | 17 17 17 | 17 
Hemolytic . ees 7 7 7 | 7 - 7 
Non-hemolytic. .... 10 | 10 10 | 10 | 10 10 | 10 
| 
Staphylococcus 
species? 6 6 0 6 6 0 6 
Orange pigment er + + 0 4 4 4 + 
Hemolytic 1 1 0 1 1 0 | 1 
Non-hemolytic 3 3 0 3 3 0 
White pigment 2 2 0 | 2 2 0 2 
Hemolytic 0 0 0 | 0 0 o | 0 
Non-hemolytic. . 2 | 2 0 2 2 0 2 
Staphylococcus 
epidermidis! 8 | o 7 0 | 0 0 0 | 0 
Orange pigment. ... 2 0 0 0 0 0 | 0 
Hemolytic 1 | 0 0 | 0 0 0 0 
Non-hemolytic posal 1 yy 8 a 0 0 
White pigment | 6 0 0 | o 0 0 0 
Hemolytic. . . 4 0 0 0 0 0 0 
Non-hemolytic 2 0 Oo | 0 0 0 0 








Classified according to Bergey’s Manual of Determinative Bacteriology. 
* Not classified in Bergey’s Manual of Determinative Bacteriology. 


the slide coagulase test were compared with those obtained by the combined 
test. As shown in Table V, in 17 (13.7 per cent) of the 124 strains there was 
a discrepancy in the results obtained by the two methods of demonstrating 
coagulase production. Since the first series reported above (Table IV) have 
shown the results of the coagulase-mannitol fermentation test to be in com- 
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TABLE V 


Summary of Results of Study of 124 Recently Isolated Strains of Staphylococci—North Carolina 
Memorial Hos pital 
Number of Strains Positive For: 








ss 
Number of Strains 














| | Combined lase- ls : 
Organism ~~ y nani feamenintion Slide "Coamaues tines 
test coagulase | isagreed 
| test 
| Coagulation | Fermentation) 
— | | — 
Staphylococcus aureus’. . 67 } 67 67 | 60 | 7 
Staphylococcus species? 11 Oo | 11 S.-i 3 
Staphylococcus epidermidis' 40 0 0 7 ie 
Totals iitded ak Lome sae 70 «=| 17 (13.7%) 





1 Classified according to Bergey’s Manual of Determinative Bacteriology 
? Not classified in Bergey’s Manual of Determinative Bacteriology 


plete agreement with those of the test tube coagulase test, and since the test 
tube coagulase method used has been shown by Williams and Harper (3) to 
be about 12 per cent more accurate than the slide agglutination test, the di- 
vergent results obtained with the slide agglutination test would seem to re- 
flect on the accuracy of this method rather than on that of the combined 
coagulase-mannitol fermentation test. 


SUMMARY AND CONCLUSIONS 


A method for simultaneously determining the production of coagulase and 
the fermentation of mannitol by staphylococci has been described. A medium 
containing 12 per cent plasma, 1 per cent mannitol and an indicator, usually 
phenol red, is used. B.B.L. infusion broth or phenol red broth base and Bacto 
heart infusion broth or purple broth base are satisfactory basic media. Either 
rabbit plasma or human blood bank plasma can be used. Each sample of 
blood bank plasma must be tested for coagulation in the basic medium, using 
a number of strains of staphylococci, including both strong and weak coagulase 
producers as well as coagulase-negative strains. Each plasma must also be 
checked for spontaneous coagulation in the medium to be used. Approximately 
50 per cent of the blood bank plasmas examined have proved to be satisfac- 
tory. The mannitol-plasma broth can be distributed aseptically in 2 ml. 
amounts, stored at 4°C., and inoculated with 2 drops of a broth culture or 
from a colony or an agar slant culture of staphylococci. Complete coagulation 
of the medium occurs in 2 to 4 hours. For the determination of mannitol fer- 
mentation, however, 24 hours’ incubation at 37°C. is required, since under all 
conditions tested staphylococci which do not ferment mannitol produce a 
transient acidity which in 4 hours simulates a positive reaction. With these 
mannitol-negative strains, however, there is reversion to alkalinity, usually 
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beginning in 4 to 6 hours, and after 24 hours at 37°C. there is clear-cut dif- 
ferentiation of mannitol-positive and negative strains of staphylococci. 

In the examination of 100 newly isolated strains of staphylococci, the com- 
bined coagulase-mannitol fermentation test yielded results correlating per- 
fectly with those obtained with the conventional test tube coagulase test and 
in mannitol fermentation studies carried out in phenol red broth base without 
plasma. Aiso, all the coagulase-positive strains grew heavily on tellurite glycine 
agar designed for the isolation of coagulase-producing staphylococci. When 
compared with the slide coagulase test in another series, however, the results 
of the two methods differed in 13.7 per cent of 124 strains studied. This lack 
of agreement may well indicate errors in the slide coagulase test rather than 
in the combined coagulase-mannitol fermentation test. 

The coagulase-mannitol fermentation test has proved to be simple, accurate 
and economical. The method allows the clinical laboratory to examine a large 
number of strains of staphylococci for coagulase production and mannitol 
fermentation, using one easily prepared medium, with a minimum of time and 
effort and with consistent accuracy. 
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In the course of the study of infections arising in a large colony of guinea 
pigs exposed to the air exhausted from a ward containing tuberculous patients 
(1, 2, 3) the animals were tuberculin tested throughout the period of exposure 
at monthly intervals. As a result, information has accumulated regarding 
tuberculin conversion in these animals which are believed to be infected in 
circumstances approximating closely to natural infection in man. The experi- 
mental system, which has been described in detail by Riley et a/. (1) is based 
on a six bedded ward occupied by sputum positive tuberculous patients. A 
sample of the air from this ward is directed through a large chamber contain- 
ing, on average, 156 guinea pigs before being vented to the outside air. Animals 
showing necrotic reactions more than 10 mm. diameter on tuberculin testing 
have been killed as potentially tuberculous and the pathological findings in 
these animals have already been described (3). In addition, during the course 
of exposure, a number of other guinea pigs, after a series of small reactions, 
also showed increased sensitivity. It is with the frequency and significance of 
these reactions that the present paper is principally concerned. 


METHODS AND MATERIALS 


Dealer stock guinea pigs 6 weeks old, after 3 to 4 weeks quarantine, were tuberculin 
tested by the intradermal injection of 0.002 mg. P.P.D. The animals were then admitted 
to the chamber and re-tested, using the same technique, at monthly intervals. Induration 
was recorded at 24 and 48 hours as the average of the maximum and right angles to the 
maximum diameters. Necrosis was recorded as present when the indurated plaque showed 
a definite area of central discoloration. All the tests were performed and read by one person 
(C.C.M.). Animals which showed necrotic reactions of 10 mm. or more at 48 hours were 
removed and examined post mortem. In addition 63 animals which developed non-necrotic 
reactions of various sizes (Table I) were also killed and autopsied. 

After complete macroscopic examination, a portion of the pulmonary lesion, tracheo- 
bronchial lymph nodes, or splenic nodule was examined microscopically for acid fast or- 
ganisms. The pulmonary tubercle was usually divided aseptically after removal, and a 
portion homogenized and cultured for tubercle bacilli. If no pulmonary tubercle was found, 
a portion of the tracheo-bronchial lymph nodes or spleen was homogenized and cultured. 





! Part of a cooperative study between the Veterans Administration, The Johns Hopkins 
University School of Hygiene and Public Health, and the Maryland Tuberculosis Asso- 
ciation. 
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TABLE I 
Maximum Size of 48 Hour Reactions Before and After Exposure 





Size of Reaction at 48 Hours: 


























<5 mm. | 6-13 mm. | >14 mm, | Total 
No necrosis Necrosis | 
Before exposure | 488 | 0 | 0 | 0 | 
ee ee 6 13 | s2 | 71° 
After exposure Psy \No . ; 39 CO 18 3 3 63 
(No Autopsy........... 199 | 40 0 | oO 239 
Eee ae ..| 238 64 16 | 55 373 
< Sam. ..5. cnt a x cee 238 
5 i ae —o 135 
|  Necrotic reactions............| 71 





*The 71 animals previously reported as tuberculous (3). 


In these cases, the lungs were further examined for parenchymatous lesions by thin slicing 
after fixation and portions of tracheo-bronchial lymph nodes, spleen, and liver examined 
histologically. Only animals in which tubercle bacilli were demonstrated were recorded as 
positive. 


RESULTS 


The distribution of reaction sizes in the 488 quarantine animals is compared 
in Figure 1 with the distribution of sizes of the 4183 reactions obtained through- 
out the period of residence of the 373 animals admitted to the chamber. Al- 
though the peak position is unchanged, the distribution of reactions in the 
chamber is slightly displaced to the right with a long tail. No reactions greater 
than 5 mm. were seen in the quarantine animals. The majority of reactions in 
the chamber animals also fell in this range but some showed reactions larger 
than this at some time during their residence in the chamber. In Figure 2 the 
distribution of the largest 48 hour reaction encountered in each animal is 
shown. The distribution of the necrotic reactions (for which animals were 
always killed) is shown by the solid area. 

The reactions fall into three apparently separate zones. The first underlies 
completely the distribution of reactions in the quarantine animals between 
1 and 5 mm. The second lies between 6 and 13 mm. and the third, consisting 
of necrotic reactions, lies between 14 and 34 mm. these figures being apparent 
points of intersection of the distributions of the three groups of reactions. 
The relationship between necrosis and reaction size is shown in Figure 3. 

The frequency with which tuberculosis was associated with reactions in 
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Fic. 1. Distribution of sizes of all 48 hour reactions elicited in unexposed (broken line) 
and exposed (continuous line) animals. No reactions greater than 5 mm. were found in un- 
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Fic. 2. Distribution of sizes of maximum 48 hr. reactions in unexposed (broken line) 
and exposed (continuous line) animals. The solid area shows the distribution of necrotic 
reactions and the hatched area the distribution of non-necrotic reactions more than 6 mm. 
diameter. 
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f Fic. 3. The relationship between reaction size and frequency of necrosis. 


TABLE II 
Mode of Diagnosis in 71 Confirmed Tuberculous Animals 





Size of tuberculin reaction at 48 Hours 


























Diagnosis 6-13 mm. 
Y — 14 mm. 
| No necrosis | Necrosis 

Confirmed macroscopic primary complex 
eee 1 11 37 
Healed...... eae : wad 2 0 0 
Smear positive......... db" 3 2 13 
Culture positive only... 0 0 2 
Total..... 6 13 52 
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these three groups is given in Table I, and the way in which the diagnosis 
was made is given in Table II. Of the 64 animals with non-necrotic maximum 
reactions of 6 to 13 mm., 24 were killed and 6 proved to be tuberculous. The 


71 animals with proven tuberculosis previously reported (3) comprise these 6 
line) 
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Fic. 4. Transition to large necrotic reactions associated with manifest tuberculosis. 
Conversion occasionally occurred in two stages (a) but usually in a single step (b). The 
usual variation in the sizes of pre-conversion serial reactions is seen in (a). In (b) is illus- 
trated the sole case in which typical conversion occurred after a large non-necrotic reaction. 





animals and 65 of the 71 which had necrotic reactions (Table I). The brisk 
transition from negative to positive in animals developing large necrotic reac- 
tions is illustrated in Figure 4. The usual range of reactions prior to conversion 
is shown by Figure 4a. Reactions as large as 5 mm. were rare. Usually there 
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Fic. 5. Examples of the course of non-necrotic reactions and the findings associated 
with them. 


was a single step increase from reactions of less than 5 mm. to the large ne- 
crotic reaction but in a few cases intermediate reactions larger than 5 mm. were 
found (Fig. 4a). 

No evidence of tuberculosis was found in any of the 39 chamber animals 
showing maximum reactions of 1 to 5 mm. Since the majority of animals with 
non-necrotic reactions were not killed, the course of tuberculin sensitivity in 
these animals can be followed and several varieties distinguished: 
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1. A single or two-step increase in size which persisted (Fig. 5a) or gradually 
declined (Fig. 5b). 

2. Erratic appearance of reactions of more than 5 mm. The findings in animals 
autopsied when the most recent reactions was (a) more than, and (b) less than 
5 mm. are shown in Figure 5c and d. 

3. Single large spikes which did not reappear on subsequent re-testing (Fig. 
Se). An animal autopsied at the time of a reaction of this size is also illustrated 
(Fig. 5f). 


DISCUSSION 


Early experience with the chamber led to the decision to regard as probably 
tuberculous only those animals which showed necrotic reactions of more than 
10 mm. This decision proved in practice to be well founded. In only a very 
small proportion of these animals was post mortem evidence of tuberculosis 
not obtained. It seems most likely that these exceptions were technical failures 
and that these animals were also tuberculous. It so happens that if the presence. 
of a necrotic reaction had been the sole criterion of the presence of tuberculosis, 
the reported number of infected animals, 71, would have been the same (Table 
I). With such correlation, the question again arises whether necrosis is inde- 
pendently and specifically related to the presence of caseous or other manifest 
lesions, or whether it is simply related to the magnitude of the local reaction. 
Figure 3 shows that in animals with proven tuberculosis, the presence of ne- 
crosis is closely related to reaction size. 

The more difficult problem is the significance of the non-necrotic reactions 
6 to 13 mm. diameter. Their distribution (Fig. 2) suggests that they are sepa- 
rate from the reactions of unexposed animals, and from the typical necrotic 
reactions of manifest tuberculosis. The proportion of animals (Table I) show- 
ing these reactions which were found post mortem to be tuberculous cannot 
be taken to represent the proportion in the whole group since animals were 
killed on a selective basis influenced by a number of factors. Nevertheless, the 
absence of non-necrotic reactions 6 to 13 mm. diameter in unexposed animals, 
and the demonstration of tuberculosis in some of the animals showing them 
suggests that these reactions too are the result of tuberculous infection. The 
number in which tubercle bacilli were demonstrated is very small, but active 
gross tuberculosis was found less frequently in these animals than in those 
with necrotic reactions (Table II). It is possible, therefore, that as a group 
these animals represent the tuberculin positive state in the absence of micro- 
scopically demonstrated active tuberculosis. In man, the distribution of reac- 
tions in uninfected, normal tuberculin positive, and tuberculous subjects (4) 
corresponds generally with that seen in these animals. The regularity with 
which reactions less than 5 mm. diameter were obtained on serial testing of 
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these animals makes it unlikely that even the single spike reactions were due 
to chance variations in sensitivity. The regular and quite rapid decline in 
heightened sensitivity seen in many of the animals is very suggestive of infec- 
tions with organisms of limited virulence (5, 6). 

Almost all the animals from which tubercle bacilli were recovered were in- 
fected with drug resistant, catalase negative organisms (7). It is now well 
established that the capacity of these organisms to give rise to progressive 
tuberculosis in the guinea pig is limited (8, 9), but that the degree of attenua- 
tion differs considerably from strain to strain (10). There is independent evi- 
dence that their inhalation will lead to infection (11) and animals previously 
infected with these organisms show increased resistance to further challenge 
with fully virulent strains (12, 13). 

The finding of non-necrotic tuberculin reactions may therefore influence the 
results of the aerial transmission experiment in two ways. In the first place, 
if these reactions indicate the presence of arrested tuberculosis, the total 
number of animals infected in the chamber was substantially higher (actually 
129) than the 71 in which positive evidence of tuberculosis was found. Secondly, 
animals with arrested tuberculosis are likely to be resistant to further chal- 
lenge and consequently the accumulation of such animals in the chamber may 
progressively have reduced the chances of obtaining further cases of manifest 
tuberculosis. In practice, the susceptible population appears not to have been 
diluted at the end of the two year period by more than about 18 per cent. 
Nevertheless, in animals with non-necrotic reactions 6 to 13 mm. diameter 
which subsequently declined, the later development of manifest tuberculosis 
was extremely rare. It in fact occurred in a single case, illustrated in Figure 4b, 
where the animal showed a definite but transient reaction shortly after entering 
the chamber and 22 months later showed typical conversion with characteristic 
autopsy findings. Some light may be thrown on the interesting question whether 
tuberculosis ever develops without further exposure in animals showing these 
transient reactions by following serially their tuberculin sensitivity after re- 
moval from the chamber. 

There is in progress at present an experiment designed for another purpose 
in which tuberculin conversion and infection rates in two chambers receiving 
ward air are being compared. Conditions in the two chambers are identical 
except that the air to one is heavily irradiated with ultraviolet light. There is 
good reason to believe that the animals in the chamber receiving irradiated 
air will not become infected and this has been upheld during the few months 
of the experiment already completed. If both necrotic and non-necrotic reac- 
tions are abolished in this chamber simultaneously, there will be further grounds 
for believing that the non-necrotic reactions are also the result of tuberculous 
infection. At present, the evidence is very suggestive but not yet, we feel, 
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sufficiently strong to justify the diagnosis of tuberculosis in all these animals, 
In reporting the number of animals infected over the last two years of study 
(3), therefore, only those animals were included in which unequivocal evidence 
of tuberculosis was obtained. 

We are much indebted to Dr. Walenty Nyka, Mr. Nathan Weinstock and 
Mrs. Fern Wittstadt for pathological and bacteriological reports on these 
animals. 


SUMMARY 


1. A large group of guinea pigs (average number 156) exposed in a specially 
constructed chamber to air vented from a ward occupied by six (6) tuberculous 
patients has been tuberculin tested at monthly intervals over a two year period. 

2. The sizes of tuberculin reactions in the exposed animals appear to fall 
into three groups: (a) those corresponding with the reactions in unexposed 
animals (b) those associated with manifest tuberculosis (c) an intermediate 
group. 

3. The possibility is discussed that this intermediate group represents the 
tuberculin positive state in the absence of microscopically demonstrated 
active tuberculosis. 
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A NOTE ON THE FINE STRUCTURE OF THE TURTLE HEART! 


RONALD A. BERGMAN 


Department of Anatomy, The Johns Hopkins University School of Medicine 
Received for publication September 21, 1959 


Recently Fawcett and Selby (1) described in some detail the fine structure 
of the atrial musculature in the turtle heart. This report presented an excellent 
description of the structure of the myocardium, cell membrane modifications 
and intercalated discs, myoneural junctions, and cellular inclusions. These 
investigators were unable to provide any evidence of sarcolemmal connections 
with either the sarcoplasmic reticulum or the myofibrils. Thus, it would appear 
that this muscular tissue lacks a morphological relationship between the 
external conduction carrier of the action potential (i.e., the sarcolemma) and 
the contractile apparatus. It was concluded that, “The old question as to 
whether there is a specialized conducting system in the turtle heart remains 
unsettled... .” 

The recent observations of Bennett (2), Porter and Palade (3), Moore and 
Ruska (4), Andersson-Cedergren (5), Ruska, Edwards and Caesar (6) and 
others, have directed attention to the presence of a continuous system of 
tubules and vesicles which occupy the interfibrillar spaces in striated muscles 
(cardiac and skeletal), the so-called endoplasmic reticulum or sarcotubular 
system, and have suggested that these tubules and vesicles may be the carrier 
of the intracellular excitatory impulse. Fawcett and Selby reported that, ‘“The 
presence of such a system could not be established. Small vesicles or tubules 
that might be interpreted as elements of a sarcoplasmic reticulum were seen 
only rarely, and there was no indication that these rudiments formed a contin- 
uous canalicular network. Such an intracellular circulatory or conducting 
system may well play an important role in the physiology of skeletal and 
cardiac muscle of higher warm blooded animals, but the present findings indi- 
cate that a well-developed sarcoplasmic reticulum is not essential for the nor- 
mal functioning of the turtle heart.” 

Fawcett and Selby further observed that the desmosomes (a modification 
of the structure of the sarcolemma) generally occur opposite the Z lines of the 
myofibrils in the peripheral sarcoplasm. ‘‘Moreover, the dense substance of the 
Z band is often continuous with the dense cytoplasmic component of the 
desmosome, an appearance which may be responsible for the common mis- 
conception that the Z “membranes” of the myofibrils are continuous with the 
cell membrane.” 


1 Aided by a grant from the National Foundation. The technical assistance of Mrs. W. 
R. Taylor is gratefully acknowledged. 
46 





Be 
stria' 
mate 
regio 
inter 
after 
retic 
a tre 
i 
myo 
only 
actin 
arra 

TI 
whi 
in tl 
myc 
conc 
and 
men 
cou! 
duc 


ructure 
‘cellent 
cations 
These 
ections 
appear 
en the 
a) and 
as to 


pmains 


re and 
») and 
em of 
1uscles 
ubular 
carrier 
“The 
ubules 
e seen 
ontin- 
ucting 
il and 
; indi- 
e nor- 


cation 
of the 
of the 
f the 
| mis- 


h the 


rs. W. 





STRUCTURE OF THE TURTLE HEART 47 


Bergman (7) and Bergman and Walker (8) have reported that in frog 
striated muscle, which had been glycerol extracted, there is a consistent inti- 
mate relationship existing between the sarcolemma and the myofibrils in the 
region of the Z and M lines which is also transversely continuous across the 
interfibrillar spaces linking adjacent Z or M lines. It was pointed out that 
after glycerol extraction the tubular longitudinally arranged sarcoplasmic 
reticulum and most of the mitochondria are destroyed while the sarcolemma, 
a transversely arranged membranous component [believed by other authors 
(2, 3, 4, 5, 6, 11) to be an element of the sarcoplasmic reticulum] and the 
myofibrils are left intact. Because the sarcolemma is connected to the myofibrils 
only at the Z and M lines it was postulated that the internal conduction and 
activation of the contractile apparatus must be associated with the transversely 
arranged ‘“‘membrane”’ and not the tubular sarcoplasmic reticulum. 

The purpose of the present report is to illustrate a consistent relationship 
which had been observed between the sarcolemma and the myofibrillar Z lines 
in the turtle heart. Continuity between the sarcolemma and the Z lines of the 
myofibrillar contractile apparatus provides a morphological basis for internal 
conduction. Furthermore, this report supports the observations of Fawcett 
and Selby (1) that the sarcoplasmic reticulum (longitudinally disposed 
membrane limited vesicles and tubules) is virtually non-existent and therefore 
could not possibly serve the role of either an intracellular circulatory or con- 
ducting system in this tissue. 

MATERIAL AND METHODS 

The histological material was obtained from the atria and ventricles from 
two common laboratory turtles (Pseudomys elegans). Small blocks of tissue were 
cut from the excised heart and fixed by immersion for two hours in buffered 
(pH 7.4) 1 per cent osmium tetroxide. The tissue was briefly washed in distilled 
water and dehydrated in graded alcohols (70, 95: and 100 per cent) and infil- 
trated with butyl and methyl methacrylate (10:1) containing 0.2 per cent 
benzoyl peroxide as catalyst. Polymerization was carried out in an oven 
(45-55°C). Sections were cut on a Porter-Blum microtome and floated upon 
formvar-coated copper grids. After thorough drying the grids were floated 
(sections down) on distilled water maintained at 37°C. for three hours. The 
purpose of this step was to more completely remove the water-soluble granules 
which normally accumulate in the subsarcolemmal and in the interfibrillar 
spaces. These accumulations of water-soluble granules have been tentatively 
identified by Fawcett and Selby as a particulate form of glycogen. Following 
the water extraction the sections were stained with a lead hydroxide solution 
as prescribed by Watson (9). Electron micrographs were taken using an RCA 
EMU 3c electron microscope at original magnifications of 5,000 to 12,000 and 
enlarged photographically to suitable magnifications. 
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Fic. 1. Electron micrograph of turtle ventricle illustrating sarcolemmal—Z line linkages 
and the compartmentalization of mitochondria in the interfibrillar spaces due to transverse 
membranes which join adjacent Z lines. S, sarcolemma; Z, Z line; M 


, mitochondria, and 
MF, myofibril. K 31,000. 
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ges Fic. 2. Micrograph of a section through the periphery of a cardiac muscle cell demon- 
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Fic. 3. The continuity of the sarcolemma with the Z line in the upper portion of the 
micrograph is particularly clear. Z, Z line and S, sarcolemma. X 40,000. 
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Fic. 4. High resolution micrograph of a sarcolemmal-Z line junction. Note the intimacy 
of the relationship. S, sarcolemma; Z, Z line and MF, myofibril. « 81,000. 
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OBSERVATIONS 


In the present report attention will be focused on the relationship between 
sarcolemma and the myofibrils. No attempt will be made to discuss other 
cytological details, an effort which simply would confirm the observations of 
Fawcett and Selby (1). In Figures 1 to 4 the sarcolemma is seen to be inti- 
mately connected to the Z lines of the myofibrils. This relationship was not 
readily apparent until after removal of the dense accumulations of water- 
soluble material localized in the subsarcolemmal and interfibrillar spaces. 
Figure 1 illustrates the compartmentalization of mitochondria between two 
myofibrils due to the transverse connections linking adjacent Z lines. In a 
cardiac muscle cell, fortuitously sectioned near its periphery, the sarcolemma 
is seen connected to both sides of a myofibril at the Z lines (Fig. 2). Figures 3 
and 4 also demonstrate, at higher magnifications, sarcolemmal-Z line con- 
nections. 

DISCUSSION 

The nature of the excitatory phenomenon, particularly the intracellular 
route of impulse propagation has been discussed by Andersson-Cedergren (5), 
Bennett (2), Huxley and Taylor (10), Peachey and Porter (11), Porter and 
Palade (3), Ruska, Edwards and Caesar (6), Bergman and Walker (8) and 
others. 

To account for the morphological basis for internal excitation of striated 
muscle at least three basically different hypotheses have evolved. These are: 

1. Infoldings of the sarcolemma form a continuous, extracellular fluid-filled, 
interfibrillar tubular system longitudinally and transversely arranged which 
carry action potentials in a manner similar to the sarcolemma to key sites 
around the myofibrils. (2, 3, 4, 6, 11). 

2. Infoldings of the sarcolemma in the form of an interfibrillar transversely 
arranged tubular system carry the action potentials which in turn synaptically 
excites the interfibrillar longitudinally disposed tubular system to liberate an 
exciting agent thereby initiating myofibrillar contraction (5). 

3. A transversely arranged membranous system carries the ‘‘action current” 
in the form of an enzymatic electron transfer system both transfibrillary and 
interfibrillarly to adjacent myofibrils. In this hypothesis the tubular longi- 
tudinally arranged component does not play any direct role in muscle excitation 
(7, 8). 

For specific details and evidence pertaining to the hypotheses cited above, 
the publications of the various authors should be consulted. It is clear that 
further work is indicated to resolve the differences which are evident from the 
three hypotheses just mentioned. 

Specifically, the observations reported here suggest that the carrier for the 
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internal activation of the myofibrils in the turtle heart is probably related to 
the structure of the Z line and to the interfibrillar connections which link 
adjacent Z lines to each other. It is clear that the sarcolemma contacts the 
myofibrils only in the region of the Z line. In addition, the absence of any 
organized system of tubules and vesicles similar to the sarcoplasmic reticulum 
of other species would also support such an hypothesis. The relationship 
between the sarcolemma and Z lines of turtle cardiac muscle is not unlike 
that reported in frog skeletal muscle (7, 8). Unlike the latter, the cardiac 
muscle cells of the turtle shows no indication of any sarcolemmal link to the M 
lines. 
SUMMARY 


1. Extraction of a water-soluble particulate component from the subsar- 
colemmal and interfibrillar spaces in the turtle heart reveals a consistent 
linkage of the sarcolemma to the myofibrillar Z lines. 

2. There is no evidence of any highly organized system of vesicles and tubules 
similar to the endoplasmic reticulum or sarcotubular system in other striated 
muscles, an observation that confirms the earlier work of Fawcett and Selby 
(1). 

3. The structure of the Z lines and transverse connections offers no support 
for hypotheses which propose that the mechanism for internal activation of the 
contractile apparatus is a propagated ionic disturbance similar to sarcolemmal 
conduction. 

4. The probable route for the internal activating currents in the turtle heart 
is via the myofibrillar Z lines and interfibrillar transverse membranes which 
link adjacent Z lines to each other. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING OF 
THE JOHNS HOPKINS MEDICAL SOCIETY 


October 12, 1959 


THE MECHANISM OF INFECTION OF THE MOSQUITO BY 
THE MALARIA PARASITE 


Lee M. Howarp 


For 60 years, it has been held essential to the concept of malarial sporogony that infection 
of the mosquito midgut wall results from penetration by a migrating, motile ookinete or 
vermicule. 

In vivo observations on 1000 zygotes of Plasmodium gallinaceum in the susceptible host, 
Aedes aegypti, do not confirm the occurrence of innate motility at any time following fertili- 
zation. Direct im situ observations of parasites in 255 individual mosquitoes indicate passive 
incorporation of the initial spherical zygote into interepithelial spaces of the midgut wall 
during the process of alteration in epithelial shape from a highly attenuated squamous cell 
at the time of engorgement to a narrow columnar cell following disappearance of the meal. 

Passive incorporation of a simulated malaria parasite into midgut epithelium has been 
demonstrated using inert colorless plastic spheres of polystyrene latex. 

Quantitative studies on the oocyst-zygote relationship agree with im vivo observations 
that only those zygotes in contact with the wall during the period immediately following 
engorgement subsequently become oocysts. The remaining parasites are immobilized within 
a firm clot. 

Elongation of the spherical zygote into the shape of a vermicule is not believed to occur 
randomly throughout the meal, but is a phenomenon limited to those spheres trapped in the 
meal periphery in the vicinity of the peritrophic membrane. All vermicules are believed to 
be ultimately digested or excreted in the meal residue. From this study, evidence is lacking 
that vermicules precede the oocyst or that they form a link in the normal sporogonous 
cycle. It is concluded that the initially fertilized sphere and the early oocyst within the 
midgut wall are one and the same organism with respect to developmental sequence. 

A study of the literature on malarial sporogony suggests that a misinterpretation of W. G. 
MacCallum’s report (1897) on the motility of Haemoproteus may account for the current 
concept of a migrating vermicule of the genus Plasmodium which penetrates the midgut 
epithelium to become the early oocyst. 


CYTOGENETIC STUDIES IN MAN 
M. A. Fercuson-SMITH 


The direct study of human chromosomes has been unsatisfactory for many years on 
account of technical difficulties. Recent improvements in technique in this field led first to 
the discovery in 1956 that the basic diploid chromosome number in man is 46 and not 48, 
and then later to a reasonably accurate analysis of the normal human chromosome comple- 
ment. For the first time it has become possible to study human chromosomes in relation to 
disease, and in the few months since January 1959 specific abnormalities in the chromosome 
complement have been shown in several conditions including mongolism and two types of 
sex anomaly. 

With a view to studying the human chromosomes in congenital diseases and in particular 
55 
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human sex anomalies and mental defect, a modified short-term bone-marrow culture tech- 
nique has been developed. To date, chromosome counts and detailed analyses have been made 
in a number of disorders in addition to control subjects of both sexes with no congenital 
abnormality. Three mongoloid patients, three male pseudohermaphrodites, two true hermaph- 
rodites, one chromatin-negative and one chromatin-positive case of gonadal aplasia, and 
one patient with chromatin-positive Klinefelter’s syndrome have been examined. The results 
confirm the consistent finding of a trisomic condition in one of the smallest autosomes in 
mongolism, a diploid number of 47 and a sex chromosome constitution of XXY in chromatin- 
positive Klinefelter’s syndrome, and a diploid number of 45 and a sex chromosome consti- 
tution of XO in chromatin-negative gonadal aplasia. Two male pseudohermaphrodites appear 
to have a normal male chromosome constitution, but one male pseudohermaphrodite with 
well-developed Mullerian ducts, and two cases of true hermaphroditism seem to have 
chromosome abnormalities of a more complex nature. No Y chromosome can be identified 
in either of the true hermaphrodites in whom the majority of cells have a diploid number of 
46. The unusual male pseudohermaphodite has a basic chromosome number of 45 and no Y 
chromosome can be demonstrated in any of 25 cells subjected to detailed analysis. The 
chromatin-positive case of gonadal aplasia appears to have a normal female chromosome 
complement. 

The abnormal chromosome number in these disorders can best be explained by nondis- 
junction of the dividing chromosomes either at meiosis in the parental germ cells, or at 
mitosis during early division of the fertilized ovum. Evidence from genetic studies on the 
inheritance of color blindness, on the maternal age effect, and on concordance in twins in 
these disorders, suggests that meiotic nondisjunction during oogenesis is a possible expla- 
nation in the production of mongolism and Klinefelter’s syndrome. Nondisjunction during 
spermatogenesis, or, alternatively, mitotic nondisjunction at the first cleavage division seem 
to fit the available data better in chromatin-negative gonadal aplasia. 


GENETIC AND PHYSIOLOGIC STUDIES IN MILROY’S DISEASE 
Joun R. Esterty AND J. Epwin Woop 


Four families, each with multiple cases of Milroy’s hereditary edema, were studied. 
Involvement of the hands was observed in two cases, in one of which there was no leg 
involvement. Identity of the so-called congenital and tardive forms is suggested by one 
family, in which a case of each type is present. In another family, 14 individuals in three 
generations were affected. In this family, linkage studies revealed no close linkage with seven 
blood group antigens, INH metabolism, PTC tasting or the haptoglobins. 

The possibility of increased arterial flow to the legs as either a primary or aggravating 
factor in the edema was suggested by the following observations: 1) unusually warm elevated 
skin temperature over the affected parts; 2) persistent relative tachycardia; 3) bizarre 
arteriolar changes on biopsy. 

Confirmation of high flow was possible by femoral arterio-venous oxygen saturation 
differences (which were extremely low) and by more direct measurement of flow, using the 
venous occlusion plethysmograph. Studies of blood flow in 15 affected persons from the four 
families showed all flows to be in excess of two standard deviations above the normal value. 
Other studies with the plethysmograph indicated that the capillary permeability, as meas- 
ured by the rate of edema formation per unit segment of involved limb, was not increased. 

Lymphangiograms suggest that hypoplasia or aplasia of the lymphatics is present in these 
cases. It is proposed that impaired drainage of vasodilatory metabolites from the involved 
part is responsible for a high flow and that the high flow may in turn be an aggravating 
factor in the edema. 
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Synopsis of Gynecology, 5th edition. By RoBeRT CRossEN, DANIEL BEACHAM AND WOODARD 
Beacuam. 340 pp., $6.50. The C. V. Mosby Co., St. Louis, Mo. 

While it has never been our task to review early editions of this synopsis, the fact that it is 
in its fifth edition should be proof of its general appeal and popularity. Although it has 
always been our principle that a simple synopsis should never replace a textbook in teaching 
any subject, one must admit a certain rationale for this sort of treatise. The authors point out 
that the medical student must learn many specialties, and his time and finances are too 
limited to allow purchase or study of large expensive textbooks. They further point out that 
this synopsis is directed specifically to those students who do not plan to go into gynecology 
and thus are interested primarily in passing grades. 

This reviewer will admit that this is a very well-done publication by a trio of excellent 
gynecologists. It is quite complete, and each chapter is replete with selected references for 
further reading. Among its somewhat more than 300 pages may be found over 100 illustra- 
tions or diagrams, nearly all second hand, but quite adequate, although the quality of the 
photographs sometimes leave something to be desired. The authors follow the usual proce- 
dure of preliminary chapters on anatomy and physiology, and gynecologic examination and 
diagnosis. Following a short chapter on malformation, diseases of the vulva, vagina, uterus 
and adnexa are described. Short chapters on pregnancy complications, functional disturb- 
ances, infertility, miscellaneous disturbances and medicolegal points follow, the total being 
sixteen chapters. 

The main objection would seem a marked imbalance in the length and contents of certain 
chapters. For example, the first two comprise nearly 50 per cent of the text, while the very 
important section on ovarian tumors is dealt with in ten cursory pages, and pelvic tuber- 
culosis rates only two. Actually one of our Hopkins students could fail the gynecology ex- 
amination if his only knowledge of these diseases were that imparted in the synopsis. 

Irradiation technique, which seems rather complicated for the average only slightly 
interested student, requires eight rather specialized pages. Wisely no attempt is made to 
discuss operative technique; this again makes us wonder why it seemed desirable to discuss 
the complex methods of cancerocidal irradiation. 

Let the reader not be misled. This is an excellent synopsis which is all it purports to be. 
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It covers most of our specialty well enough so that the average disinclined student can obtain 
at least the minimum instruction. For the interested student or clinician a more sizeable 
text is mandatory; the impoverished budding medico can generally borrow one at the library 
if he feels he cannot afford it. However, it is our own hope and impression that most of the 
worthwhile students somehow obtain a good text, even if it involves such a real sacrifice as 
drinking beer rather than bourbon for a week or two. 

EpmunpD R. Novak 


The History of Nursing. An Interpretation of the Social and Medical Factors Involved. By 
RicHarp H. Saryock. 330 pp., $5.00. W. B. Saunders Co., Philadelphia, Pa. 

This is a concise historical survey of nursing and nursing education from the early civili- 
zations to the present in which the relationship of developments in nursing to general social 
and political change, and to the progress of medical science and sanitation is strikingly 
emphasized. The story is interestingly told; the author, professor emeritus of the history of 
medicine at The Johns Hopkins University, shows every evidence of familiarity with his 
subject and of the ability to write about it effectively for others. 

By emphasizing a fresh viewpoint the volume has great general interest and is of value 
both for the beginning nursing student and for graduate nurses who are, or should be, 
interested in the broader social setting of their profession. With so much being considered in 
this relatively small book, the examination of many matters can be carried out only briefly. 
Particularly is this true of the last chapter which disposes of developments in American 
nursing of the last eighty years in twenty-four pages. Nevertheless, the book well fulfills 
its announced purpose of presenting the story of nursing “in close relationship to its scientific 
as well as to its social background”. 

The format of the book is pleasing and the type good. There are no illustrations. There is 
no bibliography and little documentation, though occasional footnotes indicate some sources. 
The teacher of nursing history might well wish for additional references, either for her own 
reading or for students. 

In general this is a valuable addition to nursing literature; by gaining a broader view of 
the past we can better understand the present and plan for the future. 

MARGARET E. CourtTNEY 


Cancer in Families. A Study of the Relatives of 200 Breast Cancer Probands. By Douc.as 
P. MurPHY AND HELEN ABBEY. 76 pp., $2.50. Published for the Commonwealth Fund 
by the Harvard University Press, Cambridge, Mass. 

The authors report on a painstaking study of the families of 200 women with breast 
cancer and of 200 control women. The cancer probands were white women between ages 40 
and 65 admitted to any one of 28 hospitals in Philadelphia and environs in the five years 
preceding onset of the study. Only women living at the time of the survey were included. 
Controls were female patients of a dental clinic who were of ages 40 to 65 and had sought 
treatment in the same period as the cancer cases. Investigations were conducted by four 
field workers, three of them registered nurses and all of them experienced from participation 
in a similar survey with uterine cancer probands. 

These workers seem to have had reasonable success in controlling the recognized sources of 
bias in such a study: 1) Familiarity of the field worker with medical matters (see above); 
2) experience of the field worker in conduct of health surveys (see above); 3) care (and 
energy) exercised in collection of information; 4) closeness of relationship of informant to 
person about whom information was sought; 5) the sex of the informant (women know more 
about their families than do men); 6) the interval of time between an event and its reporting 
and 7) whether the specific disease is present in the informant or not. 
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Each worker had about an equal number of cancer and control cases under study at any 
given time and frequently did not know which type of family was being interviewed. Fre- 
quent cross-checks between different informants in the same family and all available records 
of physicians, hospitals, bureaus of vital statistics, undertakers, and cemeteries were made. 
Whenever possible information on an individual was obtained from the person himself. 

The study was confined to two generations, that of the proband and that of her parents. 

The authors could find no evidence of familial aggregation for breast cancer or any other 
form of cancer in these families. They conclude that if any familial tendency exists it must 
not be large enough to be detected in a study of this size. In the rare instances in which there 
was a statistically significant difference between the cancer and control groups with respect 
to the frequency of cancer, it was found in more remote rather than closer relatives and the 
higher frequency of cancer was in the control group rather than the cancer group. For this, 
the best explanation was held to be that they represent the occasional chance differences 
which the criteria of significance blindly label as significant. 

Two other studies of familial aggregation in breast cancer appeared in 1958-1959: Ander- 
son, Goodman, and Reed in Minnesota, Variables Related to Human Breast Cancer (U. of 
Minn. Press); Machlin in Ohio, J. Nat. Cancer Inst. 22: 927, 1959. In addition Stephens, 
Gardner and Woolf in Utah reported a re-check of a kindred with an unusually high fre- 
quency of breast cancer, originally reported in 1949. Eleven new cases of breast cancer or 
tumor — including the case of an 87 year old man — were found. The findings were consistent 
with sex-influenced autosomal dominant inheritance. This unusual family suggests that 
breast cancer may not be a single etiologic entity. 

Macklin found that “grandmothers, mothers, aunts, and sisters of women with breast 
cancer have had breast cancer with a frequency which is significantly greater than that of 
women in a similar age range either in the general population or in 2 sets of selected control 
samples. [The control groups were: 1) 300 patients, both male and female, with other forms 
of cancer and 2) 246 variously selected probands—friends of breast cancer probands, respond- 
ants to a newspaper appeal for white women “who knew something of their family history, 
and who had no known cancer of any kind’’, etc.] 

The report of Anderson et al. is noteworthy as a model of the methodology in epi- 
demiologic-genetic studies of diseases of probable maltifactorial causation. The con- 
clusion of the study was that there is a slight but definite familial tendency in breast cancer. 

The results of all these studies may not be as inconsistent as they at first examination 
seem, if one assumes that there is indeed a low level of familial aggregation for breast cancer 
and/or that there is some etiologic and pathogenetic heterogeneity in the disorder labelled 
breast cancer. 

Victor A. McKusick 


The Meaning of Poison. Logan Clendening Lectures on the History and Philosophy of 
Medicine, 7th Series. By Litoyp G. STEVENSON. 53 pp., $2.00. University of Kansas 
Press, Lawrence, Kans. 

Delightful! No other word can describe this slender volume. A lightweight judgment for 
an essay in medical history, faint praise? Only if one insists that scholarship is signified by the 
trappings of ponderous redundancy; only if one confuses lack of humor with seriousness of 
purpose. The pursuit of learning should indeed delight the mind and it is in this sense that 
Dr. Stevenson’s lectures afford such rare pleasure. 

With erudition, wit and graceful style, the author helps us rediscover the successive layers 
of meaning that have invested the word “poison” from its philological beginnings as the 
dread annointment of the wrathful arrows of the Gods. Toxin, itself, began as the Greek for 
bow, to which “pharmakon” transferred its meaning of poison by contiguity in “toxikon 
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pharmakon”’, a poison for smearing arrows. As the concept was secularized, the Latin “‘virus”, 
originally venom, came to mean the malaria or bad air hovering above marshes and polluting 
those who inspired it. In like fashion, miasma (from “‘miaino”’ tostain) became any polluting 
agent and later the noxious emanation from putrifying material; and “infectio” (from 
“{nficere” to stain) acquired its contemporary connotation. With the skill of a cryptog. 
rapher, Dr. Stevenson traces the origin of current notions of infection and drug action jn 
these and many other ancient sources. And along the way, the reader is privileged to accom- 
pany the author on a leisurely journey among literary references as amusing as they are 
little known. 

The two essays: “Poison, Infection and Contagion” and “Hellish Oorali” (curare) com. 
prise the Seventh Series of the Logan Clendening Lectures on the History and Philosophy of 
Medicine. Their author, Dr. Lloyd G. Stevenson, is Professor of the History of Medicine and 
Dean of the Faculty of Medicine at McGill University. In gratitude, the book is dedicated 
to Dr. Owsei Temkin, for Dr. Temkin’s paper “An Historical Analysis of the Concept of 
Infection” (in “Studies in Intellectual History”, Johns Hopkins Press, 1953), a high intel- 
lectual adventure in itself, provided the vantage point for the argument Dr. Stevenson has 
elaborated. 

A critical assessment of this volume is a task for a medical historian, not the present 
reviewer. He can only testify to the inherent logic of the development of ideas and the 
eminent reasonableness of the theses that are set forth. Perhaps no final answer to the 
correctness of the propositions is possible; archeologic intelligence can only suggest rather 
definitively reconstruct the meanings of the past. Suffice it to say that the reader will be 
afforded the all too infrequent opportunity of conversing with a cultivated mind. Delightful! 

LEON EISENBERG 


Clinical Orthopaedics No. 13. The Hand, Part I. Edited by ANrHony F. DEPALMA. 393 pp., 
$7.50 single copies. J. B. Lippincott Co., Philadelphia, Pa. 

The thirteenth volume of Clinical Orthopaedics is one of the best of this series. Perhaps 
it is only that the subject of this volume of miscellaneous essays and clinical commentaries 
are in topics where this reviewer needs some clinical opinions and background and commen- 
taries. We prefer to think it marks the gradually improving caliber of the articles published 
in this series. 

The greater part of this volume thirteen concerns surgery of the hand. Several excellent 
background articles are pleasant, almost casual reading. These include a biography of 
Sterling Bunnell by Spittler and the article on hand anatomy by Kaplan. The volume con- 
tinues with background articles on anthropology and development. Then there are the 
practical items reviewing the current solutions to the ever present practical problems of the 
severely damaged hand, the problem of skin coverage, and the crushed hand, and the burned 
hand. An article on the ancient problem of flexor tendon injuries is included. It is appropriate 
that this vigorous young field of reconstruction surgery of the hand should be accorded this 
space in this volume of clinical essays in orthopaedic surgery, and it is probably symbolic 
that they represent the best group of articles that have appeared in this series. 

A middle section of approximately 100 pages contains articles which review and append 
data largely published elsewhere. This includes an item on the joints of the clavicle by 
Anthony DePalma, and on angulation resection operation of the hip joint by Milch. 

Section three consists of 20 pages of clinical items and case reports. The volume is indexed 
and contains a cumulative index of volume 7 to 12. The volume is again well printed, bound, 
and illustrated. 

Although this volume does not contain a single original investigation or significant review 
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work, I think it does a very good job of its title of clinical solutions for clinical problems in 
orthopaedics, and it is therefore recommended to clinical orthopaedists and to others doing 
surgery of the hand. 


GEORGE W. SETTLE 


Anatomy of the Human Body. By R. D. Locxnart, G. F. Hamitton ann F. W. Fyre. 
697 pp., $13.50. J. B. Lippincott Co., Philadelphia, Pa. 

The avowed purpose of this book is “‘to lighten the burden of the student of anatomy.” 
The need for some such palliative stems primarily from the diminishing emphasis on human 
gross anatomy in the medical schools of this country. The current trend toward drastic 
reduction of the time allotted to this subject in the curriculum obviously necessitates, 
whether this be for better or for worse, some sort of reorientation in its approach. Hence the 
recent appearance of shorter texts with this end in view, of which the present volume is 
merely the latest to make its appearance. 

Compared with such traditional English-language texts as Cunningham, Gray, and 
Morris, the number of pages has been cut by half or slightly more. Unlike some of the other 
shorter texts, the usual systematic rather than regional approach is used; thus the book 
basically is a boiled-down and hence, inevitably, more dogmatic version of the standard 
texts. Volume has been reduced by several methods. Thus, there is little emphasis on formal 
description of the development of the several systems; a minimum of introductory material 
in microscopic anatomy is presented; there is no separate chapter on joints; normal anatom- 
ical variability is neglected; and the style is somewhat telegraphic, yet still, on the whole, 
quite readable. 

The illustrations remain relatively numerous, 965 as compared with slightly more than 
1200 in each of the three standard texts. However, they are not of consistent quality. In 
quite a number of illustrations the detail presented is excessive for the allocated space, 
resulting in a welter of leaders and labels which seriously impair the usefulness of the figures. 
In the section on the peripheral nervous system, a unique method of labeling has been 
employed. This involves the interspersion of figures directly among the text material, as 
many as seven separate figures appearing on a single page. The leaders run directly from the 
bold-face text material to the figure, in one instance actually running across to a figure on 
the opposite page. The consequent disruption of text continuity in reading is exceedingly 
irritating, at least to this reviewer. In his opinion, therefore, it is fortunate that this “obvious 
advantage’’ has not been employed throughout the book. 

The Paris nomenclature of 1955 has been adopted. A brief “bibliography,” consisting 
entirely of books, with no reference to journal articles, is appended. Why does our culture 
persist in fostering the delusion that a book, especially one with “hard backs,” is necessarily 
the final authority on a subject? 

This volume represents a praiseworthy attempt to satisfy the needs of the abbreviated 
course in gross anatomy. Yet, for all of its virtues, it does not represent a satisfactory solu- 
tion of the problem which this emasculation poses. Really to understand human gross anat- 
omy, the student will be forced to consult more detailed works. Perhaps the very magnitude 
of the subject makes any satisfactory abbreviated text an impossibility. 

Witiram L. Straus, Jr. 


, 


Orthopaedics. Principles and Their Application. By SamuEL L. Turek. 906 pp., $22.50. J. B. 
Lippincott Co., Philadelphia, Pa. 

This is a 900 page textbook of the encyclopedic variety, attempting to embrace all the 

subject matter of classical orthopaedic surgery and its more modern appendages. It is almost 
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the only comprehensive text of orthopaedic surgery in print. Written bya singleauthor, this 
is a relatively compact source of our knowledge and understandings and prejudices of the [ 
subjects of classical orthopaedics. Indeed, there is no reasonably orthopaedic subject whic § 


is not included. Each subject is concisely and clearly presented under subtitles and sections 
approximately proportional in length to their clinical importance. While documentation and 


references are not extensive, there are adequate pertinent and recent references in each topic [ 


to give access to the literature. 

The subject matter is well arranged to solve the problem of the multiple overlapping oj 
orthopaedic subjects. The first 54 pages are given to basic aspects of bone structure and 
physiology, and constitutes a very proper introduction to a modern textbook of ortho. 
paedics. The next 400 pages systematically cover the developmental and acquired diseases 
of classical orthopaedics. The inclusion of chapters on orthopaedic neurology, diseases oj 
muscles and of the peripheral vascular system are very worthwhile. The third section, again 
of 400 pages is given to regional orthopaedic diseases, including appropriate comments on 


surgical approaches and procedures. The final section includes a brief chapter on radioactive . 


isotopes and a chapter on amputations and prosthetic devices. The information is current, 


and it includes the wealth of data which has marked the recent evolution of orthopaedics i 


into a less empirical and more measurable, if not more precise branch of science. 

This volume suffers from all the faults inherent in the encyclopedic type of textbook. 
While a source of concise information on every topic, it is definitive in none and it is always 
painful to see the intricacies of subjects which the reviewer mastered with considerable 
difficulty, passed off in brief paragraphs. This is probably a necessary evil, and we think that 
this textbook fills two important vacancies in modern orthopaedics. The first need is that felt 
by the practicing orthopaedic surgeon for an available bookshelf reference to help him in the 
immediate resolution of problems which fall into those corners of orthopaedics with which he 
is not familiar. The second need is that felt by the beginning serious student of orthopaedic 
surgery for an available, concise summary of each of the vast array of new subjects rapidly 
passing before him in his training years. Since the volume is nowhere definitive, many of the 
topics will, in time, be replaced in his library by more specialized works. The volume is 
probably too large and expensive for the average medical student or physician. For libraries 


the volume is a good reference, but is not a primary source or review work. The volume is [ 


well printed and bound, and contains over 500 illustrations. Fractures are not included. 
In summary, this is a good, big textbook of modern orthopaedic surgery, and is highly 
recommended to those who have need of such a textbook source. 
GEORGE W. SETTLE 


Surgery of the Prostate. By Henry M. Weyraucu. 535 pp., $15.00. W. B. Saunders Co., 
Philadelphia, Pa. 


In this very readable volume Dr. Weyrauch begins with an extremely interesting historical 


review. That the removal of the obstructing prostatic adenoma was a most formidable 
undertaking is no better illustrated than by the fact that no less than nine different metiods 
have been used at one time or another. All but four of these have fallen by the wayside 
although in Europe and, more recently, in this country the sacral approach has received some 
support. 


After a concise review of the anatomy and surgical pathology of the prostate there is an 


excellent chapter on the diagnosis of prostatic obstructions. All signs both subjective and 
objective are considered, and, in this regard, the frequently overlooked fact that a severe 


Gonna 


- 


degree of obstruction can be entirely asymptomatic is pointed out. The descriptions of radio- | 


graphic and instrumental diagnostic techniques are enhanced by clear illustrations. 
An entire chapter is justifiably devoted to the important and often lightly treated subject 
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of operative indications. The four methods of simple prostatectomy and the two methods of 
total prostatovesiculectomy together with their variations are then covered in detail with 
abundant and appropriate illustrations. The complications peculiar to each method are 
given full consideration. 

The book is well planned and well written and its excellent attention to descriptive detail 
backed by the insight of the long personal experience of the author assure it a place of impor- 
tance in the library of the urological surgeon. The lack of a bibliography detracts somewhat 
from its value as a reference book. 


Joun A. C. CotsTon, JR. 
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PYLEPHLEBITIS 


HARRY F. KLINEFELTER, JR., WILLIAM E. GROSE ann HILARY J. CRAWFORD 


Departments of Medicine and Surgery, The Johns Hopkins University School of Medicine and Hos pital 
Received for publication July 23, 1959 


Pylephlebitis, or septic thrombosis of the portal vein and its branches, has 
become infrequent since the adoption of an aggressive surgical approach to 
suppuration within the abdominal cavity and the introduction of antibiotics. 
Occasionally, however, there is scanty evidence of the prodromal disease and 
the symptoms of pylephlebitis—rigors, fever and inanition—dominate the 
clinical picture from the start. The absence of localizing signs in an acutely 
ill patient with chills and fever may delay diagnosis and appropriate treatment. 

An illustrative case from The Johns Hopkins Hospital and two somewhat 
similar cases from The Whittington Hospital, London, are described.! 


Case No. 1. (J. H. Hist. No. 792090): A forty-nine year old salesman from Pennsylvania 
was admitted to The Johns Hopkins Hospital on November 22, 1957, complaining of chills 
and fever for the preceding seven weeks. 

Except for slight fatigue during the previous year, the past history was non-contributory. 

The present illness began suddenly on October 4, 1957, when he developed sharp pain in 
the right lumbar region, followed by a shaking chill and fever while driving his automobile. 
He had chills and fever several times a day, for which he was treated intermittently with 
tetracycline with apparent temporary improvement. On November 6, he was admitted to 
another hospital, because his fever had been sustained for the preceding few days. Tempera- 
ture was higher in the early morning and late evening. 

During the next sixteen days in that hospital he had a spiking fever ranging from 99° to 
104°F., not responding to chloroquin, chloramphenicol, oleandomycin, streptomycin, iso- 
nicotinic hydrazide or prednisone. The white blood cell count ranged from 20,000 to 35,800 
perc. mm. and the hematocrit fell from 39 to 34 per cent. Penicillin administration was begun 
on November 16 and his temperature remained below 100°F. for two days before his transfer 
to The Johns Hopkins Hospital, on November 22, the forty-ninth day of illness. 

On admission, he was afebrile but chronically ill with a hectic flush and pallor. He had 
obviously lost a great deal of weight, in the neighborhood of 30 pounds. The diaphragms 
moved equally and well. The liver was slightly enlarged but not tender. There was a sugges- 
tion of resistance on palpation over the right side of the abdomen but no localized tenderness. 

The white blood count was 24,600 per c. mm. with 90 per cent polymorphonuclear cells. 
There was a normochromic, normocytic anemia with hematocrit of 30. Icterus index was 10. 
Urinalysis was normal. Chest x-ray was also normal. Repeated blood cultures were sterile. 

His hospital course is shown in Figure 1. Penicillin was discontinued on admission and 
streptomycin, 1 gm., twice a day, was administered. Shortly after admission, his temperature 
rose to 103.6° and the next day, to 101.8°F. Intravenous penicillin, 15,000,000 units a day, 
was given for three days with some beneficial effect, and then all antibiotics were discontin- 
ued in an effort to obtain a positive blood culture. Chills and fever to 105.6°F. recurred 


‘These cases are presented with the kind permission of Dr. A. L. Jacobs, L.R.C.P., 
Senior Consultant Physician at the Whittington Hospital, London. 
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Fic. 1. Case 1. 


within forty-eight hours and treatment with penicillin, intravenously, and tetracycline, 
intramuscularly, was resumed. On the seventh hospital day, the fifty-sixth day of illness, he 
developed mild icterus. The icterus index was 15, and the serum bilirubin was 1.7 mgs. per 
cent. He developed pain at the liver edge in the right midaxillary line, on deep inspiration 
with some tenderness over this area. 

Intramuscular cortisone, 100 mgs. every eight hours, was started at this time and twenty- 
four hours later, he was explored through an upper right rectus incision by one of us (W. E. 
G.) who found filmy adhesions over the right lobe of the liver, with some fixation and indura- 
tion of the cecum. The liver was only slightly enlarged and no abscesses were felt. The gall- 
bladder and pancreas were normal. The entire appendix was retrocecal and retroperitoneal, 
adherent to the cecum, and the lateral cecal attachments were thickened. The mesoappendix 
was indurated and thickened and the appendix itself was indurated and short, 4 by 2 cm. It 
was felt that this was definitely an abnormal appendix and might have perforated within 
recent months. The appendix was removed, the liver biopsied and the wound closed. 

The liver biopsy showed multiple areas of polymorphonuclear leukocytic and lymphocytic 
infiltration in the portal areas. Biopsy of diaphragmatic peritoneum showed fibrin and sub- 
acute inflammation. Sections through the appendix showed infiltration by polymorphonu- 
clear leukocytes into the muscle wall, with microscopic intramural abscesses. 

The patient withstood the operation well and cortisone was discontinued after seventy- 
two hours. Over a period of ten days, his temperature became normal. The daily dose of 


penicillin was gradually decreased, and all antibiotics were discontinued on the twenty-first 

hospital or seventieth day of illness. Within three days, he again developed fever and pain 
3 7 £ 

in the right flank without any urinary symptoms. Urinalysis was normal although intra- 
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venous pyelogram showed right ureteropelvic obstruction with moderate hydronephrosis. 
His temperature continued to rise to 101°F. for the next few days, and he was again given 
ntramuscular penicillin and oral tetracycline. Temperature returned to normal in a few 
days. 

Thereafter, improvement was steady, and he was discharged from the hospital on January 
). Oral penicillin with probenecid was continued, in gradually decreasing doses, until Febru- 
ary 24. At that time he looked well, had regained all his lost weight, and the physical exam- 
ination was entirely normal. Measurements of liver function showed a bromsulfonphthalein 
test of 6 per cent, cephalin flocculation 2 plus, thymol turbidity of four, alkaline phosphatase 
4.5 units and icterus index of five. The hematocrit and white blood count were normal. 


SUMMARY 


A forty-nine year old male developed chills and intermittent fever associated 
with leukocytosis and negative blood cultures. After eight weeks, there was 
evidence of hepatic involvement. Exploratory laparotomy revealed residual 
evidence of recent acute appendicitis, and the appendix was removed. Pre- 
operatively, fever had partially responded to large doses of antibiotics and 
postoperatively, larger doses of antibiotics controlled fever. Fever recurred 
when antibiotics were discontinued two weeks after operation but again 
responded to antibiotics. Penicillin was continued for two more months. Com- 
plete recovery followed. 


Case No. 2: A sixty-two year old white male was admitted to the Whittington Hospital 
on October 6, 1957, with a twenty-four hour history of upper abdominal pain and vomiting. 
During the preceding three years, he had been treated for a duodenal ulcer. On admission, 
signs of generalized peritonitis led to laparotomy with the preoperative diagnosis of per- 
forated duodenal ulcer. 

At operation, he was found to have a perforated retrocecal appendix, which was removed 
and the area drained. He received penicillin, streptomycin and tetracycline for the next 
twelve days, and appeared well for the next two weeks. 

Approximately four weeks after operation, he suddenly developed chills, continuous right 
lumbar pain and hematuria. Examination five weeks after appendectomy revealed a shiver- 
ing, ill patient with abdominal distention. There was tenderness in the right loin, the liver 
edge was palpable, and rectal examination disclosed tenderness on the right. White blood 
count was 24,000 per c. mm. with 94 per cent polymorphonuclears. Urinalysis was normal 
as were cystoscopy and retrograde pyelography. His temperature rose from 99.2° to 104°F., 
his pulse from 84 to 120, and signs of generalized peritonitis developed. 

Six days later, six weeks after appendectomy, an abscess in the right lower quadrant was 
evacuated and B. Proteus and E. coli, resistant to penicillin and tetracycline, were cultured. 
He was given chloramphenicol and streptomycin in addition to erythromycin, but his 
course was progressively downhill. He developed a left subphrenic abscess and died on De- 


cember 23, 1957, shortly after drainage of this abscess, and twelve weeks after appendectomy. 


Autopsy showed pylephlebitis and multiple abscesses in the right lobe of the 


liver, the largest 2 inches in diameter. There were also abscesses in the lungs 
and in the peritoneal cavity. 
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Case No. 3: A sixty year old white male with Parkinson’s disease and a three year history 
of peptic ulcer, was admitted to the Whittington Hospital in July, 1956, with a nine months’ 
history of right-sided colicky abdominal pain and anorexia. A few days prior to admission, 
the pain had radiated through to the back; he became nauseated and vomited. There had 
been no change in bowel habits and he denied any weight loss. On physical examination, he 
was ill and shivering with a temperature of 101.2°F. and a pulse of 128. There was right- 
sided abdominal tenderness without spasm or rigidity, bowel sounds were active and rectal 
examination was negative. The white blood count was 6,950 per c. mm. with 78 per cent 
polymorphonuclears, and the hemoglobin was 71 per cent. The urine showed a few red cells, 
white cells, numerous casts and culture grew out E. coli. Blood culture was negative. 

The presumptive diagnosis was pyelitis, and he was given a course of penicillin and 
streptomycin. A week later he developed signs of pneumonia and a right pleural effusion. 
Sputum culture showed a Staphylococcus aureus, sensitive only to erythromycin. The 
pleural effusion was sterile and both diaphragms moved well on fluoroscopy. In spite of 
erythromycin, he continued to have fever and shaking chills. 

Six weeks after admission, he became jaundiced. The serum bilirubin was 12 mgs. per 
cent; alkaline phosphatase 19 King-Armstrong units, thymol turbidity 12 units, albumin 
3.3 gms. per cent, globulin 3.4 gms. per cent. The abdominal tenderness disappeared. It was 
thought that he had a neoplasm involving the liver and he died without operation some eight 
weeks after admission. 


At autopsy, he was found to have acute purulent appendicitis with a retro- 
peritoneal abscess and septic thrombosis of the portal vein. 


REVIEW OF THE LITERATURE 

It is difficult to estimate even roughly the incidence of pylephlebitis. Its 
presence may be masked by the primary illness such as appendicitis and peri- 
tonitis or by its sequelae, such as liver abscess, lung abscess and empyema. 
At operation for abdominal sepsis, the surgeon will usually not be able to 
safely evaluate the portal system. At autopsy, pylephlebitis may be overlooked 
unless the portal vein and its branches are opened. 

Statistics dealing with the incidence and etiology of pylephlebitis in the past 
have been derived from large series of appendectomies. Forty years after 
Weller’s original description of the disease in 1846, Fitz (14) found eleven cases 
of pylephlebitis in two hundred and fifty-seven appendectomies. Later series 
have shown a progressive decline in its incidence as a complication of appen- 
dicitis, to less than one-tenth of 1 per cent. This decrease in incidence occurred 
before antibacterial drugs were used, and is attributed to the more prompt 
surgical treatment of appendicitis. 

Although Colp (7) and Eliason (12) thought that only the neglected cases 
of appendicitis developed pylephlebitis, Stewart-Wallace (34) reported two 
patients with pylephlebitis who were operated on within twenty-four hours of 
the onset of symptoms. 

Sixty-two cases published since 1926 have been reviewed, in addition to the 
three cases reported. The disease occurs much more often in males. Only 15 
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Table I. Mortality of pylephlebitis, 1926-58; 62 cases described in the literature (1-4, 6-13, 
15-18, 20-24, 26, 29-32, 34, 35) and the 3 reported cases. 














1926-36 1937-58 
Patients | Dead | Mortality Patients | Deod | Mortality 

With 
Appendicitis 26 20 7% ee ina 485 
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a 1 | 100% i4 |i2| 86% 
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Total 27 21 80% 38 22 60% 





























per cent of these sixty-five patients were females; the reason for this apparent 
sex difference in incidence is not known. 

Appendicitis is by far the most common illness preceding pylephlebitis, 
occurring in 77 per cent (50 of 65) of these patients. The mortality rate was 
77 per cent from 1926 to 1936, and 42 per cent after 1936, (Table I). Ten of the 
24 patients reported since 1936 were operated on for appendicitis within twenty- 
four hours of the onset of symptoms and six of these died. This seems para- 
doxical when both the incidence and mortality of pylephlebitis are decreasing, 
and seems to emphasize the urgency of adequate and prolonged antibacterial 
therapy postoperatively. 

In the 23 per cent of these sixty-five patients in whom appendicitis was not 
the cause of the pylephlebitis, the mortality rate was 100 per cent from 1926 
to 1936 and 86 per cent after 1936. This high mortality rate may exist because 
diverticulitis, the second most common illness preceding pylephlebitis, occurs 
in an older age group and is less frequently treated as a surgical emergency. 
Other associated diseases have been omphalitis in the neo-natal period (3), 
(31), ulcerative colitis (13), pelvic abscess (31), pancreatic abscess (31), chronic 
proctitis (19a), infected hemorrhoids (26), schistosomiasis (30), perforation of 
peptic ulcer (19a), gallstone ulcerating into the portal vein (23), and splenic 
abscess (19a). 

SYMPTOMS AND SIGNS 

Rolleston and McNee (28) described three phases of pylephlebitis: (/) 
evidence of the primary disease such as appendicitis, (2) a markedly septic 
state, and (3) evidence of liver involvement. 

The initial phase may be absent, as in our first case, or suppressed by anti- 
biotic administration so that subsequent diagnosis is more difficult. The initial 
phase may be difficult to diagnose if the appendix is retrocecal or protected 
by omentum or small intestine from contact with the anterior abdominal wall. 
In Case 1, the appendix was retrocecal, and this was true of many of the pa- 


tients who had appendicitis preceding pylephlebitis described in the literature. 
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The occurrence of chills in association with appendicitis or other abdominal 
sepsis strongly suggests the possibility of pylephlebitis. Colp (7) stated em. 
phatically that repeated chills occurring after appendectomy are invariably 
due to pylephlebitis. Ninety per cent of the reported cases of pylephlebitis 
after appendicitis had chills preoperatively and one-third of the cases had 
chills postoperatively. 

Fever is invariable with pylephlebitis but there is no constant pattern, 
Weight loss is sometimes striking. Jaundice, although usually mild, occurred 
in about one-third of the patients but often not until the terminal stages. 
Absence of jaundice, therefore, in no way rules out pylephlebitis. Chemical 
tests of liver function were abnormal in less than one-quarter of the patients, 
but about half showed an enlarged or tender liver. Splenomegaly was present 
in only 10 per cent, and was never striking. 

Another sign which is valuable if positive is immobility of the right dia- 
phragm. It should be recalled that the diaphragm moved well in Case 3. 


LABORATORY FINDINGS 

Leukocytosis with great increase in polymorphonuclears occurred in over 
90 per cent of patients with pylephlebitis and often was very striking. In only 
two of sixty-five patients was a consistently normal white count reported. A 
moderate to severe normochromic, normocytic anemia was usually found. 

Blood cultures were negative until actual abscess formation in the liver per- 
mitted dissemination into the systemic circulation. In one patient whose blood 
culture became negative during treatment, death nevertheless ensued. Sur- 
prisingly enough, a positive blood culture did not appear to influence prognosis 
unfavorably. Four of the ten patients with positive blood cultures survived. 
The organism most frequently cultured was E. coli; Staphylococcus albus, 
non-hemolytic and hemolytic streptococci were also cultured at times. 

Closed liver biopsy is not indicated. One patient who had a negative liver 
biopsy was subsequently found to have pylephlebitis at autopsy. It is preferable 
to biopsy the liver through a laparotomy incision, so that the abdominal cavity 
can be thoroughly examined for a primary focus. 

TREATMENT 

Early and aggressive surgical approach to abdominal suppuration is still 
the most important factor in the prevention of pylephlebitis. If, however, 
pylephlebitis is proven or even suspected, prolonged antibiotic therapy with 
the proper agents is vital. Treatment with antibiotics may need to be con- 
tinued for months rather than weeks or days, as in Case 1. 

Sensitivities of organisms cultured from pus or blood are determined so 


that the most effective antibiotic regimen can be selected. If no organism can 
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be cultured, as in Case 1, massive doses of penicillin, intravenously or intra- 
muscularly, supplemented with tetracycline, would seem to be the treatment 
of choice. Penicillin can inhibit the growth of most organisms if very high blood 
levels are attained. Fifteen to thirty million units daily, supplemented with 
probenecid, has proved relatively non-toxic. Tetracycline, 1 to 2 gms. a day, 
provides additional antibacterial effect and can be safely given for several 
weeks at a time. 

General supportive measures and the treatment of complications such as 
recurrent abscesses need only be mentioned. The accompanying anemia may 
be a great problem. One of Hoffman’s cases (18) received 70 units of blood. 

Special therapeutic maneuvers may be considered. Four of six cases who 
received heparin in addition to the usual methods of treatment survived, but 
the number is too small to evaluate this regimen satisfactorily. Ligation of the 
mesenteric veins draining the focus of infection may need to be considered, 
especially in patients who do not respond to antibiotics and adequate surgical 
treatment of the primary focus. The usual case of purulent appendicitis, how- 
ever, does not lend itself well to primary ligation of veins above the appendiceal 
vein. In 1958, Tanner (31) successfully ligated the inferior mesenteric vein in 
his patient with pylephlebitis complicating acute diverticulitis and the patient 
recovered. 


SUMMARY 


. Pylephlebitis is an uncommon, severe complication of abdominal sepsis. 
. Sixty-two cases reported during the last thirty years have been reviewed. 


wry — 


. Three additional cases of pylephlebitis complicating appendicitis are re- 
ported. In one of these the appendicitis produced no signs or symptoms and 
recovery occurred after appendectomy and prolonged antibiotic therapy. 

4. Pylephlebitis remains a disease of high mortality and diagnostic difficulty, 

and should be considered in the differential diagnosis of unexplained fever. 
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THE TOLERANCE OF THE DOG BRAIN TO TOTAL ARREST OF 
CIRCULATION! 
STANLEY K. BROCKMAN? anp JAMES R. JUDE 


Department of Surgery, The Johns Hopkins University School of Medicine and Hos pital 
Received for publication September 11, 1959 
INTRODUCTION 


A variety of methods have been employed to evaluate the effects of acute 
ischemia on the brain of the intact animal. A critical analysis of these methods 
suggests that they are incapable of yielding accurate data concerning the 
maximal period of anoxia the brain can tolerate. When cerebral anoxia is 
produced by the occlusion of carotid and vertebral arteries some circulation 
to the brain remains (1, 2). Methods utilizing a reduction of oxygen in the 


inspired gases also produce myocardial anoxia; this results in a period of low 


blood pressure which masks a clear cut end point to the period of cerebral 
anoxia. When the pulmonary artery (3) or the venae cavae (4) are occluded the 
onset of cerebral anoxia is masked since some aortic flow continues; the end 
point is masked due to a period of low blood pressure secondary to the low 
coronary flow produced by these techniques. 

In the following experiments an attempt was made to study survival follow- 
ing a period of cerebral anoxia. A technique was used which provided a clear 
cut onset and end point for the period of cerebral anoxia while still maintaining 
a well oxygenated myocardium. In sharp contrast to the results of previous 
workers these studies demonstrate that the brain of the dog can withstand 
a longer period of total circulatory arrest than had previously been reported. 
An explanation for these different results is offered. 


METHODS 


Adult mongrel dogs of both sexes, weighing from 7 kg. to 12 kg. were used, care being 
taken to select only dogs with adult dentition (5). Four puppies were used in a similar but 
separate experiment to demonstrate the greater resistance of young animals to arrest of 
cerebral circulation. Ether anesthesia was administered through a cuffed endotracheal tube 
attached to a mechanical respirator. Thoracotomy was performed through the fourth right 
intercostal space and umbilical tapes loosely placed around the root of the aorta, the inferior 
vena cava, and the superior vena cava cephalad to the azygos vein. The azygos vein was not 
ligated. The tapes were threaded through short lengths of heavy rubber tubing to allow 
temporary occlusion of the vessels. Five minutes before occlusion and for the remainder of 
the operation each animal was ventilated with air free of ether. Complete cessation of leit 


' Aided by Grant H-226 from the National Heart Institute, U. S. Public Health Service. 
* Present address, Department of Surgery, Vanderbilt University Medical School, Nash- 
ville, Tenn. 
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TOLERANCE OF DOG BRAIN TO TOTAL ARREST OF CIRCULATION 


TABLE I 
The Incidence of Cerebral Damage with Varying Periods of Aortic and Venae Caval Occlusion. There 
were 5 Dogs in Each Group 


No Cerebral Damage Transient Cerebral Permanent Cerebral Death within 24 hrs 


Ss “ime (Mi . 
Occlusion Time (Min No. Dogs) Damage (No. Dogs) Damage (No. Dogs) No. Dogs) 


wan 


~~ ul 


ON &W 


ventricular output, except for coronary flow, was accomplished by occluding both venae 
cavae and the ascending aorta. There was a small venous return through the patent azygos 
vein. The venae cavae were released about 15 to 20 seconds before the aorta and the period 
of occlusion given in Table I was timed from aortic occlusion to aortic release. Fifty-five 
animals were used in 11 groups of 5 each. Periods of occlusion ranged from 4 to 14 minutes 
at increments of 1 minute for each group. After release of occlusion, and reestablishment of 
the circulation, the chest was closed, and a catheter left in the pleural cavity for intermittent 
suction. The femoral artery pressure was obtained through a Statham strain gauge and 
registered on a Sanborn recorder. Only those animals that recovered from anesthesia without 
lethargy, performed coordinated spontaneous activities, and ate normally were said to have 
no neurological damage. Transient and permanent neurological damage was evaluated by 
physical signs ranging from ataxia, spasticity, and coma, to a complete vegetative state 
resulting in-death within twenty-four hours. 

Heparin in a dose of 5 mg. was given to 10 animals subjected to 13 and 14 minutes of 
occlusion to see if this agent could protect against cerebral ischemia. 

In a group of 8 acute experiments hemodynamic studies were made to evaluate the effect 
of occlusion on cardiac function. Pressures in the femoral artery and ascending aorta were 
obtained by means of Statham strain gauges and registered simultaneously on a Sanborn 
recorder. The mean left atrial pressure was read directly from a saline manometer attached 
to a catheter placed in the left atrium. 

Visualization of sodium fluorescein with ultraviolet light, after its injection into the right 
atrium, was used to define the vessels and structures through which the blood was flowing 


during occlusion. 
RESULTS 
Incidence of brain survival and damage: In 55 dogs the ascending aorta and 
venae cavae were occluded for periods extending from 4 to 14 minutes. As 
shown in Table I neurological damage was first noted after 10 minutes of 


cerebral ischemia. This consisted of transient ataxia which disappeared within 


twenty-four hours; it was seen in only five dogs in this group. Four hours were 
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required for one of the animals to recover from anesthesia following 9 minutes 
of cerebral anoxia, but otherwise this animal was normal. Three dogs suffered 
transient neurological damage following 11 minutes of occlusion. In two of 
these dogs this again consisted only of ataxia. More severe neurological damage 
was first noted after 12 minutes of aortic occlusion, and was observed in three 
dogs; their symptoms consisted of lack of spontaneous activity followed by 
ataxia and tremor. One of these dogs survived without neurological sequela, 
The other two animals died of secondary respiratory infection and inanition 
on the third and fourth postoperative days. The remaining two dogs in the 
12 minute group survived after a brief period of transient neurological damage. 
Extensor rigidity followed by a flaccid paralysis and death within twenty-four 
hours occurred in three dogs following arrest of cerebral blood flow for 1? 
minutes. The remaining two dogs in this group had permanent neurological 
damage and died after four days. All the dogs in the 14 minute group died 
within twenty-four hours with extensor rigidity followed by flaccid paralysis, 

Rectal temperatures were taken in the group of animals subjected to 11 
through 14 minutes of cerebral anoxia and ranged from 36.5°C. to 39°C. There 
was no correlation between the temperature level and survival. The tempera- 
ture fell about 0.5°C. during the procedure which averaged approximately 
45 minutes. Damage to the central temperature regulating mechanism was 
indicated by temperatures of 43°C. to 45°C. in three dogs during the first 
two or three hours after 14 minutes of occlusion. 
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Fic. 1. The femoral arterial blood pressure before, during and after 8, 11, and 12 minutes 


of total arrest of the systemic circulation. 
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Fic. 2. The left atrial, proximal aortic, and femoral arterial pressures before, during, and 
after 8 minutes of circulatory occlusion. The azygos vein was ligated giving total inflow and 
outflow occlusion. 


Four puppies were subjected to a period of 14 minutes of cerebral ischemia 
and all survived without evidence of neurological damage. 

Following 13 minutes of circulatory stasis two of the dogs which had received 
heparin had permanent neurological damage and two died within twenty-four 
hours in a vegetative state. After 14 minutes of ischemia, four animals died 
within twenty-four hours without awakening. The remaining two dogs which 
received heparin died of postoperative bleeding which could not be controlled 
with protamine sulfate. 

Hemodynamic studies: As shown in Figure 1, the femoral blood pressure 
rapidly rose to strikingly high levels following release of the occlusion. There 
was a slight decrease in the pressure after the initial rise followed by a secondary 
rise lasting 15 to 30 minutes before the preocclusion level was reached. During 
this period of high blood pressure the cardiac contraction was vigorous and 
the pulse pressure was widened. In general the longer the period of occlusion, 
the higher the blood pressure following release of occlusion. The levels shown 
in Figure 1 are typical of the blood pressure response following release of 
occlusion. 

In 8 experiments the mean left atrial, aortic, and femoral arterial pressures 
were recorded during 8 and 9 minute occlusions; in four of these experiments 
the azygos vein was ligated. The tip of the aortic pressure catheter was posi- 
tioned so that it recorded the pressure between the aortic valve and the point 
of aortic occlusion during circulatory stasis. 

Figure 2 is typical of a dog in which the azygos vein had been ligated prior 
to occlusion of the great vessels. Left atrial and aortic pressures rose during 
occlusion, but there was a precipitous drop in both of these parameters within 
three minutes. This low aortic pressure indicates a marked decrease in coronary 
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30 





250 
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Fic. 3. The left atrial, proximal aortic, and femoral arterial pressures before, during, and 
after 9 minutes of circulatory occlusion. The azygos vein was not ligated. 


flow for the remainder of occlusion. The resultant myocardial ischemia is re- 
flected in a low blood pressure level after the release of occlusion. It took 30 
minutes for the blood pressure to rise. In contrast, when the azygos vein was 
left patent, as demonstrated in Figure 3, the left atrial and aortic pressures 
were maintained throughout the period of occlusion. Note the immediate and 
sustained rise in pressure following the release of occlusion. 

The flow of blood during occlusion: \t was felt that blood flow during occlusion 
was confined to the coronary and pulmonary circulations. In order to see if 
this was true 2 cc. of a 5 per cent solution of sodium fluorescein was injected 
into the right atrium during a ten minute occlusion and a second injection 
given one minute before release of occlusion. Four experiments not included 
in the 55 survival experiments were done, two with, and two without ligation 
of the azygos vein. The dye was confined to the heart, lungs, and pulmonary 
vessels as judged by ultraviolet illumination. The ascending aorta was stained 
by the dye up to, but not beyond, the point of occlusion. The azygos vein was 
not stained by the dye, even when this vessel was not ligated. The pial vessels 
and abdominal cavity had been previously exposed and there was no trace of 
dye in these areas during occlusion. Immediately after release of occlusion the 
dye illuminated the pial vessels and abdominal viscera. Unlike other tissues 
the brain is not stained (6) and the dye was readily seen in the pial vessels 
in subsequent injections. These data indicate that blood flow is confined to 
the coronary and pulmonary circulations during occlusion. 


DISCUSSION 


The prime interest of this study was to find the maximal period of total 
ischemia tolerated by the brain of the dog. A survey of the literature would 
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put this figure under 5 minutes. This estimate is probably low since the methods 
used produced myocardial as well as cerebral anoxia. This causes a weak heart 
beat and depressed circulation in the post anoxic period, and introduces a 
further period of cerebral ischemia not susceptible of evaluation. Studies in 
which cerebral ischemia was produced by occlusion of the pulmonary artery 
(3), occlusion of the venae cavae (4), or by the use of toxic agents (7), also 
report a feeble, dilated heart in which massage, defibrillation, and epinephrine 
had to be used for resuscitation. Kabat (5) has arrested blood flow to the brain 
of the dog by the sudden inflation of a cervical pressure cuff to 700 mm. of 
mercury. This technique produced a weak pulse, and may itself have caused 
brain damage, perhaps by increased intracranial pressure, since prolonged 
coma occurred even after periods of blood flow as brief as two minutes. In 
the present study the dogs had completely recovered even after 10 and 11 
minutes of circulatory arrest. 

There are two factors which may be important in explaining why this method 
demonstrates a greater tolerance of the dog to cerebral anoxia than has previ- 
ously been demonstrated. The first is that the heart remains well oxygenated 
during the arrest of cerebral blood flow. As a result the heart contracts strongly 
and adequate blood pressures obtain following the period of cerebral anoxia. 
If a period of low blood pressure occurs following the arrest of cerebral blood 
flow survival is greatly reduced. This is demonstrated in a previous study from 
this laboratory (8) which differed from the present one only in that the azygos 
vein was ligated. That study demonstrated a 50 per cent survival at ten 
minutes of circulatory arrest. This lower survival period is explained by myo- 
cardial anoxia, which, as has been shown, occurs when the azygos vein is 
ligated. 

The second factor which may play a role in increasing survival is a reduction 
in cerebral venous pressure; the brain being decompressed through the azygos 
vein during circulatory occlusion. A high cerebral venous pressure may result 
in cerebral edema and hemorrhagic diathesis. In those instances in which the 
azygos vein was ligated the superior vena cava became greatly distended sug- 
gesting a high cerebral venous pressure. 

The effect of heparin was studied because of conflicting reports that this 
agent may allow extension of the period of circulatory arrest tolerated by the 
brain (4), (9), (10). The results here confirm those of Read (4) by demonstrating 
that heparin had no effect on the degree of brain damage following cerebral 
ischemia. 

SUMMARY 

The purpose of this study was to determine the maximal period of ischemia 
the canine brain can withstand. Total arrest of cerebral circulation was ac- 
complished in 55 dogs with total outflow and partial inflow occlusion. All 
animals subjected to periods of cerebral ischemia up to ten minutes recovered 
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without any apparent ill effects. Transient neurological damage was first 
noted in animals subjected to a 10 minute period of cerebral anoxia. All of the 
animals subjected to a 14 minute period of circulatory arrest died in the im. 
mediate postoperative period without awakening. 

Two reasons were offered why this method demonstrated a greater tolerance 
to cerebral anoxia than had previously been reported: First the heart was well 
oxygenated during the period of arrest of cerebral flow. This prevented a de- 
pressed circulatory recovery following the reestablishment of the circulation. 
Second, a high venous pressure in the brain was prevented by allowing a small 
venous return through the azygos vein during the period of anoxia. 

Heparin in a dose of 5 mg. was not found to have a protective action on the 
central nervous system. 
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THE PULMONARY VASCULAR BED IN TETRALOGY OF FALLOT 


I. CHANGES ASSOCIATED WITH PULMONIC STENOSIS! 


CHARLOTTE FERENCZ? 
Department of Pediatrics, The Johns Hopkins University School of Medicine and the Cardiac Clinic, 
Harriet Lane Home, Johns Hopkins Hospital 


Received for publication September 15, 1959 


With the introduction of corrective surgical procedures for tetralogy of 
Fallot an evaluation of the pulmonary vascular changes associated with this 
malformation has become of real importance. In 1947, Rich (1) called attention 
to the frequent occurrence of thrombotic lesions in the pulmonary vessels of 
patients with pulmonic stenosis and emphasized the possibility that these 
obstructive alterations may prevent an adequate pulmonary blood flow follow- 
ing the creation of a systemic-pulmonary arterial anastomosis. Now, when 
closure of the ventricular septal defect directs the entire output of the right 
ventricle into the lungs, the capacity of the pulmonary vascular bed becomes 
even more important as a factor which may determine the prognosis following 
operation. Furthermore, we encounter an increasing number of patients, who 
had a previous systemic-pulmonary anastomosis and who are now candidates 
for corrective surgery either because cyanosis and dyspnea have persisted or 
recurred after operation, or in a few instances, because cardiac enlargement 
ensued following an anastomotic procedure. Recent studies (2) have demon- 
strated the presence of pulmonary vascular changes secondary to the artificial 
shunt in some of the patients in this latter group. 

These considerations have emphasized the need for further information on 
the anatomic state of the pulmonary vessels in patients with tetralogy of 
Fallot and the alterations which may occur following a systemic-pulmonary 
anastomosis. A microscopic study was, therefore, undertaken of the lungs of 
patients with tetralogy of Fallot on whom autopsy was performed at the 
Johns Hopkins Hospital since 1945. The findings will be presented in two 
sections: 

The changes in the pulmonary vascular bed associated with pulmonic 
stenosis are presented in this report. 

The changes in the pulmonary vascular bed following a systemic-pulmonary 
arterial anastomosis will be presented in a subsequent report. 

'This study was supported by the Heart Association of Maryland and the Baltimore 
Life Underwriters’ Association. 

* Now at Children’s Hospital, Cincinnati 29, Ohio. 
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MATERIAL AND METHODS 


This study includes 145 patients with tetralogy of Fallot who were studied at the Johns 
Hopkins Hospital since 1945 and on whom an autopsy has been performed. Thirty-two of 
these were never operated upon, 10 had a thoracotomy only and 103 had a systemic-pulmo- 
nary anastomosis.’ The postoperative group was enlarged by the addition of 14 children, who 
died following a systemic-pulmonary anastomosis and in whom the anatomic diagnosis was 
tricuspid atresia or single ventricle with pulmonic stenosis. Twenty-six patients with pul- 
monic stenosis and an intact ventricular septum were studied for comparison with unoperated 
cases of tetralogy of Fallot.‘ The history, clinical and laboratory data as well as the gross 
autopsy findings of all patients were reviewed, but only pertinent data will be included in 
this report. A microscopic study of the lung sections was performed and the findings were 
correlated with the clinical data. In the vast majority of cases only two blocks of lung tissue 
were available, which were usually taken from the right and left lung respectively, but not 
marked as to their origin. It must, therefore, be emphasized that the findings reported d 
not indicate an exact incidence of abnormalities but only an approximation based on ran- 
dom samples. 

Two sections were made of each available block and were stained, one with hematoxylin 
and eosin, and one with Verhoff’s elastic tissue stain, counter-stained with Van Giesen’s 
stain. Abnormal findings in all components of the pulmonary vascular bed were noted and 
tabulated. 


CHANGES IN THE PULMONARY VASCULAR BED ASSOCIATED 
WITH PULMONIC STENOSIS 


Malformations of the heart in which there is pulmonic stenosis are usually 
associated with serious hemodynamic consequences. The work load of the 
right ventricle is increased. If intracardiac defects are present, venous blood 
is shunted into the systemic circulation. As a result of these changes a variety 
of circulatory adjustments ensue which compensate, at least in part, for the 
reduced pulmonary blood flow and the lowered saturation of the arterial blood 
(3-6). Polycythemia and an increase in the systemic blood flow combine to 
increase the amount of oxygen which is made available to the tissues. The 
characteristics of the oxygen dissociation curve of hemoglobin permit greater 
oxygen extraction at reduced saturation of the arterial blood. In addition, the 
development of an extensive collateral circulation from the bronchial and 
intercostal arteries brings a greater amount of blood in contact with the 
alveolar surfaces. 

3 Four patients died at other hospitals. We wish to thank Dr. W. M. Talbert, Jackson 
Memorial Hospital, Miami, Florida; Dr. Abraham Kantrowitz, Maimonedes Hospital, 
Brooklyn, New York; Dr. H. H. Stumpf, The Mountainside Hospital, Montclair, N. J., and 
Dr. G. D. Desjard'~s “+ Toseph Hospital, Reading, Pa., who have kindly made available 


to us the autopsy °. nd blocks of lung tissue on these patients. 
*The lung sect: « » ven of the acyanotic patients in this group were obtained by 


biopsy at the time of + ..,otomy and were contributed to this study by Dr. J. F. Dammann 
and Dr. W. H. Muller of the University of Virginia. We are greatly indebted to them for 
this material. 
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Numerous studies (7-10) have dealt with the effect of these compensatory 
changes on the course and prognosis of patients with tetralogy of Fallot. It 
was, therefore, of interest also to determine the nature of the alterations 
which occur in the pulmonary vascular bed. In order to assess the significance 
of the observed changes in the natural history of the malformation, we chose, 
for this part of the study, only patients who had had no operation. There were 
32 patients with tetralogy of Fallot who died because of complications of the 
cardiac malformation or because of unrelated disease. They varied in age from 
17 days to 26 years. 

The findings on microscopic examination of the lungs of patients with 
tetralogy of Fallot will be described first and then will be correlated with 
clinical observations and laboratory data. The results will be compared with 
those obtained in patients with pulmonic stenosis in whom the ventricular 
septum was intact. 

RESULTS 
Tetralogy of Fallot 

The pulmonary vascular bed at birth was normal as evidenced by the micro- 
scopic appearance of the lungs of the youngest patients. This indicates that the 
presence of pulmonic stenosis does not interfere with the development of the 
pulmonary arteries during fetal life. Even in the presence of very severe 
stenosis or atresia of the pulmonary valve, well-formed intrapulmonary arteries 
were found in their normal positions beside the bronchi. The muscular media 
of these vessels was well developed and clearly delineated by the elastic 
laminae. The arteries branched out into the lung parenchyma in a normal 
fashion. 

In older patients the small pulmonary arteries showed an increasingly large 
lumen and a thinner wall. This observation is in accord with the previously 
reported finding of a normal evolution of the pulmonary vascular bed from the 
fetal to the adult state in patients with congenital pulmonic stenosis (11). 

Anatomic evidence of an enlarged bronchial collateral circulation was present 
in the youngest patient (Fig. 1). In this infant, who died at 17 days of age, 
the pulmonary valve was atretic. In another infant, in whom the pulmonary 
valve was patent, though stenotic, and who died at three weeks of age, the 
enlarged bronchial arteries were also easily recognized. These findings suggest 
that communications between the pulmonary vascular tree and the systemic 
circulation may function already in fetal life. In the older satients it was noted 
that the bronchial arteries had become more tortuo" 11 the same vessel 
appeared several times in one section (Fig. 2). The bia « of the bronchial 
arteries were often seen to extend far into the pulmonary parenchyma. Serial 
sections which might demonstrate precapillary anastomoses between the 
bronchial and pulmonary arteries (12) were not done in this study. 
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Fic. 1. Prominent bronchial arteries in a 17 day old infant with pulmonary atresia. A pul- 
monary artery is seen at bottom of picture. Elastic tissue stain. 


Intrapulmonary thrombosis, first described by Rich (1), and recently studied 
by Best and Heath (13), represents the characteristic finding in the lungs of 
patients with tetralogy of Fallot. This abnormality was noted in 24 of the 33 
patients studied (73 per cent) and varied in severity from an occasional patch 
of thrombotic material to widespread, severely occlusive lesions. Figures 3 to 6 
demonstrate stages of increasingly severe vascular occlusion and emphasize the 
great reduction of the vascular capacity of the lung which may occur in these 
patients. In systemic arteries the rapid flow of blood under high pressure reduces 
the likelihood of thrombus formation, whereas the slow pulmonary blood flow 
in cases of pulmonic stenosis predisposes to its occurrence. This difference is 
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Fic. 2. Prominent bronchial artery in a young adult with tetralogy of Fallot. Note how 
the vessel passes out into the lung parenchyma and branches extensively. Elastic tissue 
stain. 


illustrated by the fact that thrombosis was not observed in the vessels of the 
bronchial collateral circulation. On the contrary, the bronchial arteries were 
usually dilated when extensive thrombotic lesions occluded the pulmonary 
arteries. 

Thrombosis occurred primarily in the pulmonary arteries and arterioles al- 
though the veins were also frequently involved. As emphasized by the previous 
authors (1, 13), it is difficult, if not impossible, to distinguish arteries from 
veins in the small ramifications of the pulmonary vascular tree. This is especially 
true in individuals beyond infancy in whom the pulmonary arteries have a 
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, 
m= 2 : ” 
Fic. 3. Small pulmonary arteries with partially organized thrombi. From a 414 year old 
boy with tetralogy of Fallot. Elastic tissue stain. x 150. 


thin wall and wide lumen. An additional difficulty presents itself in those 
instances where organization of thrombi has altered or destroyed the vessel 
wall. However, it is usually possible to distinguish arteries from veins proximal 
to the terminal ramifications of the bronchial tree, where the pulmonary 
arteries lie in close proximity to the bronchi, whereas the veins are situated at 
some distance from them in the lung parenchyma and in the loose connective 
tissue which demarcates the pulmonary segments. With the use of these 
criteria, and with special attention devoted to the examination of the pulmonary 
veins, there was no instance in which venous thrombosis was present in the 
absence of arterial thrombosis. 

There appears to be a remarkable tendency to recanalization which can 
restore the capacity of the pulmonary arterial tree. The appearance of several 
lumens is commonly noted in severely involved vessels (Fig. 7). As these 








a” 





bor 


ch 
re: 








r old 


hose 
-ssel 
imal 
lary 
d at 
tive 
hese 
lary 
the 


can 


eral 











PULMONARY VESSELS IN TETRALOGY OF FALLOT. I 


ee 





J A « 
’ 


Fic. 4. Small pulmonary arteries with partially organized thrombi. From a 4! year old 


boy with tetralogy of Fallot. Elastic tissue stain. x 100. 


channels widen, a characteristic configuration of the small pulmonary arteries 
results (Fig. 8) in which the lumen of a thin walled vessel is divided into 
compartments by lacy fibrous partitions. As these, too, break down a nearly 
normal appearance of the pulmonary vascular bed may be re-established. In 
lung sections of older patients, which at first glance may appear normal, 
one frequently finds these characteristic arteries with multiple lumens as well 
as localized densely scarred areas, which presumably represent obliterated 
vessels. All of these findings give evidence that, at one time, this lung was 
the site of severe occlusive thrombotic lesions. 

Acute congestion of the pulmonary bed was present with surprising frequency 
in this group of patients. In spite of the reduced pulmonary blood flow, the 
appearance of the pulmonary capillaries was often that of plethora. Edema 
fluid in the alveoli and areas of capillary rupture with intra-alveolar hemorrhage 











Fic. 5. Intrapulmonary artery from a 9 months old infant who died in a cyanotic spell. 
Note massive recent thrombosis. Elastic tissue stain. x 50. 


were also noted in some instances. In all cases, however, the pulmonary con- 
gestion appeared to be of short duration, for heart failure cells were rarely seen, 
and none of the patients showed the alveolar thickening which is characteristic 
of chronic passive congestion of the lungs. 


Clinical Anatomic Correlations 


The clinical data relevant to the pathologic findings in this group of 32 
patients with tetralogy of Fallot are summarized in Table I. The patients are 
grouped according to the cause of death. 

Age: The patients varied in age from 17 days to 26 years, but the age dis- 
tribution was far from uniform. Eighteen of the 32 patients were infants under 
two years of age, 7 were children between two and six years and 7 were over 
fourteen years of age. The pathology file contained no instance of tetralogy, 
except those operated upon between six and fourteen years of age. 

There was no correlation between the patient’s age and the severity of the 
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Fic. 6. Small pulmonary arteries completely occluded by organized thrombi. From a 644 
year old boy with tetralogy of Fallot who died as soon as a systemic pulmonary anastomosis 


was opened. Elastic tissue stain. x 75. 


abnormalities in the pulmonary vascular bed (Fig. 9a). The incidence and 
extent of thrombotic lesions was as great in the infants as in the older patients. 
Indeed, in some of the young adults there was evidence of a return toward 
normal in that recanalized vessels with multiple lumens were frequently seen. 
In this age group the vessels of the collateral circulation showed greater 
tortuosity than was found in children. 

Polycythemia: The degree of polycythemia which was present in each instance 
isindicated by the hematocrit, as shown in Table I. In Figure 9b the hematocrit 
of each patient is plotted against the severity of thrombotic lesions. Again it 
is seen that no correlation can be demonstrated, as there were instances of 
severe thrombosis at all levels of polycythemia, and also some patients who 
had a very high hematocrit, yet showed no extensive thrombi in the pulmonary 
vessels. 

Causes of Death: Cyanotic spells ranked first, by far, as the cause of death 
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Fic. 7. Small pulmonary artery from a 5 year old boy with tetralogy of Fallot. The vessel 
is occluded by organized thrombi, but several small channels carry blood. Elastic tissue 
stain. X 125. 


in this series. In 7 of the 32 patients, death occurred in a spell of paroxysmal 
dyspnea and in 6 more this was the probable cause of death. This latter group 
represents instances of sudden death in infants who had had previous spells 
but who were not seen by a competent observer at the time of death. 

Severe recent thrombi were seen in the lungs of patients who died during a 
spell (Fig. 5). Thrombosis was often extensive and involved almost all of the 
small pulmonary arteries seen in the sections. In 5 patients thrombosis was 
also noted in the main branches of the pulmonary artery, but in no instance 
was the large vessel completely occluded. 

These findings led us to seek further evidence of the effect of spells on intra- 
pulmonary thrombosis. Review of the clinical histories of the patients under 
discussion revealed that spells of cyanosis and dyspnea had occurred in several 
of the individuals who died of other causes, and it appeared that a positive 
history of spells was frequently associated with the presence of thrombi in the 
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IN TETRALOGY OF FALLOT. I 





PULMONARY VESSELS 





sel Fic. 8. Small pulmonary artery from a 5 year old boy with tetralogy of Fallot. Recanaliza- 
me tion has resulted in a multilumened vessel. Elastic tissue stain. « 100. 
pulmonary arteries. This relationship is suggested by the graphs in Figure 9 
al where patients with a history of spells (open circles) are predominantly found 
up in the columns which represent moderate and severe thrombotic changes. 
lls The pulmonary parenchyma was congested in all instances in which death 
occurred during a cyanotic episode. The distention of the capillaries was often 
ra ' marked; edema and capillary rupture with alveolar hemorrhage was seen in 
he ff several instances. This finding, in the presence of grossly obstructed pulmonary 
as arteries, appeared contradictory at first, but it was noted that the vessels of the 
ce 4 bronchial collateral circulation were dilated and filled with blood in all of 
these instances. These channels could, therefore, be a source of blood supply 
a- § to the pulmonary capillary bed. 
er Cerebral thrombosis and infarction caused the death of 4 patients. One of 
al these also had a terminal spell. It is of interest that pulmonary vascular 
ve ; thrombosis was well marked in these instances and also in a 17 months old 


boy who died as the result of extensive thrombosis of major branches of the 





92 CHARLOTTE FERENCZ 


TABLE I 
Tetralogy of Fallot 


Patients grouped according to cause of death 


Thrombosis 
Autopsy No. Age Het. she Cause of Death — 
Recent Organized 

24531 2 mo. 35° + Spell - - 
19878 9 mo. 58 Spell +++ ao 
21337 14 mo. 61 _ Spell _ + 
19945 216 yr. 79 + Spell + ++ 
23924 21% yr. 76 + Spell foe +++ 
24187 416 yr. 75 _ Spell ++ +++ 
21416 14 yr. + Spell +++ ++++ 
22484 17 days 56 + ? Spell + — 
19480 7 mo. 52 + ? Spell + _ 
20483 9 mo. 50 + ? Spell + - 
20448 11 mo. 70* + ? Spell + ++ 
21581 11 mo. 54 + ? Spell ++ 5 ae 
19466 546 yr. i + ? Spell - +++ 
22567 20 mo. 57 _ Cerebral ++ ++ 
24724 2 yr. 64 = Cerebral ++ ++ 
20596 3 yr. 61 + Cerebral; Spell + ++ 
23807 16 yr. 80 + Cerebral ++ oe 
20513 18 mo. 52 + Syst. Thromb. + oe 
20622 17 yr. 74 - Cer. Anoxia - oe 
23418 26 yr. 81 + Cer. Anoxia - ++ 
25662 17 yr. Rupt. P. A. _ >> 
21375 5 yr. 66 + Brain Abscess ~ +++ 
21534 6 yr. 55 = Brain Abscess - — 
23957 3 wk. 39 - Pneumonia +- > 
24527 6 wk. - Aspiration + + 
21080 3 mo. s* - Pneumonia — - 
25872 5 mo. = Aspiration — - 
19661 7 mo 7 ? Pneumonia ++ + 
21843 8 mo. 55 - Pneumonia — 
20038 15 yr. Lung Abscess - 
19470 16 yr. 77 Anaph. Shock - — 
23666 7 mo. 60* — I.V. Therapy — — 


Pulmonary thrombosis is graded as mild (+), moderately severe (++), and severe (+++ and 
TT TT). 
* Hematocrit assumed on basis of hemoglobin and red blood count. 


aorta. In this child gangrene of the left leg developed and an amputation had 
to be performed. Postmortem examination revealed extensive organizing 
thrombosis of the lower abdominal aorta which extended into both iliac and 
femoral arteries. 

Cerebral anoxia probabiy accounted for the death of the two young adults 


whose terminal illness was characterized by drowsiness and loss of conscious- 
ness. In both patients the lungs showed evidence of old thrombotic lesions. 
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TETRALOGY OF FALLOT 
PULMONARY THROMBOSIS: RELATION TO AGE,POLYCYTHEMIA AND SPELLS 
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Fic. 9. Relation of pulmonary thrombotic lesions to (a) the patient’s age, (b) the hemato- 
crit and to the history of spells. See text. 


A 17 year old boy, who was dead on arrival at the hospital, was found to 
have a tetralogy of Fallot and a ruptured pulmonary artery. Unfortunately, 
no clinical data are available. The lungs in this instance showed extensive 
thrombotic lesions. 

Among the remaining patients, death was due to a brain abscess in two, 
to pulmonary infection or aspiration in seven, and to anaphylactic shock 
during venesection in one. A seven months old infant was admitted with de- 
hydration and developed respiratory distress and rales after intravenous 
therapy. It is of interest, and undoubtedly of significance, that among these 
last 11 patients, in whom death was not directly related to the cardiac mal- 
formation, intrapulmonary thrombotic lesions were much less frequent and 
less extensive than in the other groups. 


Pulmonary Stenosis With Intact Ventricular Septum 


A study of the lungs of patients with pulmonic stenosis, but an intact ven- 
tricular septum, provides an opportunity to evaluate some of the factors 
which may affect the pulmonary vascular bed in the tetralogy of Fallot. In 
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TABLE II 
Pulmonic Slenosis with Intact Ventricular Septum 


Patients grouped according to age 


Thrombosis 


Path. No Age Het. Cause of Death 
Recent Organized 
Cyanotic Patients 

26261 36 hr. c.. a. 8. — _ 

24076 7 mo. 67 Spell + oa 

22360 8 mo. 62* Spell + , 

25655 10 mo. 65 Operation ++ eg 

23516 12 mo. 61 C..&. F. — — 

22472 22 mo. 65 Operation — ++ 

26469 23 mo. 54 Operation ++ +- 

24166 3 yr. 76 Operation ++ rT? 

24508 316 yr. 64 Operation ~ TT 

22467 316 yr 65 Operation — ++ 

22120 9 yr. 60 Brain Abscess — ++ 

22335 12 yr. 52 Operation —_ ++ 

26511 18 yr. 52 Operation —_ ++ 

21272 21 yr. 59 Operation _ +--+ 

23175 21 yr. 66 Operation ~ ++ 

21778 24 yr. 60 Angiocardiography — + 

Acyanotic Patientst 

115 2'6 yr N - — — 

133T 5 yr N ~ — - 

208T 5 yr. N ~ ~ ~ 

185T 5 yr N - - + 

24941 7\% yr. 40, Operation — _ 

26671 12 yr. 51 Operation — — (Art. Sat. 95% 
144T 18l6 yr N ~ - - 

321T 20 yr N — — ~ 

338T 20 yr. N _ _ _ 

25657 42 yr. 56 Operation — ++ -+(Art. Sat. 98°7 


* Hematocrit assumed from hemoglobin and red blood count. 

t In the seven living patients the lung section was obtained by biopsy at the time of pulmonary 
valvotomy. (See under ‘Material and Methods”’.) 

N. = Normal range; C. H. F. = congestive heart failure. 

Grading of vascular changes: Mild (+), moderately severe (++), and severe (+++ and 


TTT T). 


the presence of pulmonic stenosis the pulmonary blood flow is reduced where 
an interatrial communication permits a right-to-left shunt to occur. In such 
patients cyanosis and polycythemia may be as great as in patients with the 
tetralogy of Fallot. Patients in whom both cardiac septa are intact are acya- 
notic. Their pulmonary blood flow equals the systemic blood flow and, though 
reduced, the entire cardiac output must pass through the lungs. 
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Twenty-six patients with pulmonic valvular or infundibular stenosis and an 
intact ventricular septum comprise this group. Their findings are listed in 
Table II. 

Sixteen patients showed cyanosis and polycythemia. The findings in the 
lungs in these instances were similar to those of patients with tetralogy of 
Fallot. Prominent bronchial arteries were frequently seen, even in the youngest 
infant who was 36 hours of age. Thrombotic lesions in various stages of organi- 
zation were found in all but two instances and appeared to occur just as fre- 
quently as in the patients with a tetralogy of Fallot. The apparently greater 
incidence of severe lesions in the tetralogy group is probably not significant as 
the two groups are not comparable in selection. In this group of patients with 
an intact ventricular septum all but four of the youngest died as the result of 
operation or other procedures. It is of interest that in two young infants death 
occurred during a spell. In both instances the lungs showed recent thrombi in 
the small pulmonary arteries. 

In marked contrast to the above is the normal appearance of the pulmonary 
vascular bed in nine of the ten patients with pulmonic stenosis and intact 
ventricular septum in whom there was no cyanosis. Only one patient showed 
severe intimal fibrosis. This was a 42 year old man in whom such alterations 
may, in part, be due to his age, furthermore, this patient had polycythemia 
in spite of full saturation of the arterial blood. 

DISCUSSION 

Microscopic examination of the lungs of patients with tetralogy of Fallot 
revealed evidence of severe disturbances of the pulmonary circulation. 

The most severe degrees of pulmonic stenosis occurred in patients who died 
in early infancy. Despite the presence of marked pulmonic stenosis, or even 
atresia, the intrapulmonary vessels appeared morphologically normal at birth 
and underwent the normal evolutionary changes toward the adult state. The 
bronchial arteries were conspicuous in the lungs of the youngest infants and 
significantly more prominent than those in the lungs of four normal newborns 
who were studied for comparison. The state of the bronchial collateral circula- 
tion cannot, however, be adequately assessed without injection studies. It is 
generally assumed that the bronchial blood flow is small in infancy and gradu- 
ally expands. The development of an increased bronchial collateral blood flow 
is thought to account for the clinical improvement which often occurs spon- 
taneously in cyanotic patients around the age of 1!4 to 2 years. Our findings 
suggest that the systemic blood supply of the lungs may already be well de- 
veloped at birth. This possibility is of interest because it has been suggested 
that in the lung of the fetus a dual arterial circulation is normally present (14). 
Originally the lungbud is supplied from the paired dorsal aortae, but these 
connections regress as the pulmonary arteries develop into the major arterial 
channels of the lung. Thus, it may be conjectured that the bronchial collateral 
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circulation represents, at least in part, a persistence of normal fetal channels 
rather than the development of new connections due to an adaptive mecha- 
nism. 

Intrapulmonary thrombosis was present in many instances and represents 
the most characteristic alteration in the lungs of patients with tetralogy of 
Fallot. Thrombosis was often widespread and resulted in a marked reduction 
of the vascular capacity of the lung. A correlation was attempted between 
the incidence of thrombotic lesions and the patient’s age and hematocrit. 
These findings were compared to those of patients with pulmonic stenosis and 
an intact ventricular septum. The data indicate that a markedly reduced blood 
flow and an increased viscosity of blood are two primary factors responsible for 
the occurrence of intrapulmonary vascular thrombosis. The absence of thrombi 
in the lungs of acyanotic patients with isolated pulmonic stenosis supports this 
conclusion. 


Major episodes of thrombosis seem to occur when the pulmonary blood flow 
is unusually slow in patients with polycythemia. Such a combination of factors 
occurs in cyanotic spells. Hamilton, (15) who studied an 18 year old patient 
during a cyanotic episode, noted that the oxygen uptake nearly ceased while 
there was a fall in the peripheral resistance of the systemic vascular bed. Thus, 
the cardiac output was directed mainly into the aorta and the pulmonary 
blood flow virtually came to a standstill. This mechanism explains the finding 


of extremely low arterial oxygen saturations, even below 10 per cent, in patients 
during a cyanotic spell. In the presence of marked dyspnea and hyperventila- 
tion, this severe degree of unsaturation must be due to a continued extraction 
of oxygen from the blood without any significant oxygen uptake. This, in turn, 
indicates a greatly slowed or arrested pulmonary blood flow. The finding of 
severe recent thrombosis of the pulmonary vessels in patients who died during 
a cyanotic spell is thus hardly surprising. 

Congestion of the pulmonary capillary bed was noted in all patients who 
died in a cyanotic spell and in several instances there was pulmonary edema 
and alveolar hemorrhage. The occurrence of pulmonary edema in the presence 
of a low pulmonary blood flow suggests the possibility of capillary damage 
with increased permeability of the capillary membrane (14, 16, 17). This 
mechanism has been observed in experimental animals where pulmonary 
edema was induced by agents which did not alter the pulmonary arterial 
or venous pressures. It is possible that the severe anoxia of patients during a 
cyanotic spell may result in capillary damage, hemorrhage and edema. It is 
also possible that dilatation of the bronchial collaterals occurs as part of the 
generalized fall in systemic vasomotor tone during the spell, and that the 
pulmonary capillary blood flow is thereby increased. 

The occurrence of spells in infants with pulmonic stenosis and an intact 
ventricular septum, although rare has been observed (18). No hemodynamic 
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data are available to elucidate the nature of the spells in these patients. The 
presence of recent thrombi in the lungs of two such infants suggests that a 


marked reduction of the pulmonary blood flow occurs in these instances. 

The occurrence of severe occlusive lesions in the pulmonary vascular bed in 
patients with pulmonic stenosis has serious surgical implications. We have 
found no clinical or laboratory signs which would indicate the state of the 
pulmonary vascular bed. A history of repeated severe cyanotic spells is probably 
an unfavorable sign. 

Rich (1) has emphasized the remarkable degree of recanalization which can 
restore an adequate capacity to the lung’s vascular bed. This tendency to 
recanalization is, apparently, unequalled in other sites of thrombosis. There 
are several factors which can explain this occurrence. Arterial thrombi, even 
in the presence of pulmonic stenosis, are subject to an intermittent systolic 
ejection pressure which hastens their breakdown. In patients with pulmonic 
stenosis, the extensive communication with systemic bronchial arteries may 
facilitate this process. It is also possible that complete occlusion of some arterial 
branches results in an elevated pressure in those ramifications which are still 
patent and that recanalization is thus promoted. 

The presence of vessels with multiple lumens was a very characteristic finding 
and was seen with greater frequency in the older children and adults than in 
the younger patients. 

Finally it is worthy of note that thrombosis of the pulmonary vessels was 
marked in patients who showed thrombotic lesions in the brain and also in 
the infant who had extensive arterial thromboses in the systemic circulation. 
In contrast to the above observations changes in the pulmonary vascular bed 
were usually not severe in patients who died of causes unrelated to the cardiac 


malformation. 


SUMMARY 

A study was made of the pulmonary vascular bed in patients with tetralogy 
of Fallot in order to determine the alterations which can influence the course 
and prognosis of this malformation. The findings of patients with tetralogy of 
Fallot who had not been operated upon were compared with those of patients 
with pulmonic stenosis and intact ventricular septum. 

The pulmonary vascular bed was normal at birth even in instances of severe 
pulmonic stenosis or atresia. Evidence of a well marked bronchial collateral 
circulation could however be recognized in the youngest patients. 

Intrapulmonary thrombosis occurred in a high percentage of the patients. 
Severe pulmonary thrombosis was evident in patients who died in a cyanotic 
spell. Dilatation of bronchial collateral vessels and pulmonary capillary con- 
gestion was noted in such instances. The possible mechanism of anoxic spells 
and their effect on the pulmonary circulation is discussed. 
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The occurrence of intrapulmonary thrombosis could not be correlated either 


with the patient’s age or with the degree of polycythemia. Recanalization of 
thrombi was observed, especially in older patients. 


Patients with pulmonic stenosis and an intact ventricular septum, but a 


right to left shunt through a foramen ovale, showed alterations in the vascular 
bed of the lung which were indistinguishable from those found in patients with 
tetralogy of Fallot. Acyanotic patients with pulmonic stenosis and intact 
cardiac septa usually had normal lungs. 


wn 
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THE PULMONARY VASCULAR BED IN TETRALOGY OF FALLOT 
Il. CHANGES FOLLOWING A SYSTEMIC-PULMONARY ARTERIAL ANASTOMOSIS! 


CHARLOTTE FERENCZ? 


Department of Pediatrics, The Johns Hopkins University School of Medicine and the Cardiac Clinic, 
Harriet Lane Home, Johns Hopkins Hospital 


Received for publication September 15, 1959 


In Part I of this report (1), we have discussed the alterations in the lungs 
of patients with tetralogy of Fallot which are caused by a reduced pulmonic 
blood flow. This section will deal with the changes which follow a systemic- 
pulmonary arterial anastomosis. The material and method of study are out- 
lined in Part I. 

The anastomosis of a systemic artery into the pulmonary arterial circula- 
tion has brought striking relief of symptoms to patients with the tetralogy of 
Fallot. In most instances the increased pulmonary blood flow has been well 
tolerated for many years, and the clinical improvement has been maintained 
(2, 3). However, in a number of patients the shunt became inadequate as the 
child grew (4), whereas in a few others cardiac enlargement or hypertensive 
pulmonary vascular changes developed as a result of a large anastomosis (5). 
Furthermore, similar systemic-pulmonary anastomoses have produced hyper- 
tensive changes in the pulmonary vascular bed of experimental animals (6, 7). 
It was, therefore, of interest and also of practical importance to determine 
whether or not injurious effects occurred in the lungs of patients who had a 
therapeutic anastomosis. 

A microscopic study was made of the lungs of patients who were operated 
upon at the Johns Hopkins Hospital and who died following a systemic- 
pulmonary arterial anastomosis. 

The material is divided into three groups: Patients who died within the 
first week after operation; those who died after the first week but before the 
end of the first year; and those who died later than one year after the systemic- 
pulmonary anastomosis was created. 

This division suggested itself after a review of the incidence and causes of 
death after operation. Where the hemodynamic alteration imposed by the 
shunt was too sudden or too severe, death occurred within a short period of 

This study was supported by the Heart Association of Maryland and the Baltimore Life 
Underwriters’ Association. 

1 Presented in part before the Third World Congress of Cardiology, September 14-21, 
1958, Bruxelles, Belgium, and in part before the 32nd Scientific Session of the American 
Heart Association, October 23rd, 1959, Philadelphia, Pennsylvania. 

? Now at Children’s Hospital, Cincinnati 29, Ohio. 
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time. Of 86 patients who died during the first postoperative week, death 
occurred on the 1st day in 51, on the 2nd and 3rd days in 25, and 4 to 7 days 
later in another 10. This group of 86 patients represents those in whom the 
acute effects of the shunting procedure can be evaluated. 

After the first postoperative week there were 8 deaths before the end of the 
frst month and only 4 more before the end of the first postoperative year. 
Although it is well known that the first few postoperative months reveal im- 
portant clinical manifestations of an increased circulatory load with cardiac 
enlargement and even failure, death seldom occurs in this period. 

After one year, the late complications of the shunt may become manifest. 
In addition the number of deaths due to entirely unrelated causes is mounting. 
A study of 19 patients of this group yielded valuable information about the 
state of the pulmonary vascular bed after an anastomotic blood flow was 
present for a prolonged period of time. 

DEATHS IN THE FIRST POSTOPERATIVE WEEK 

Eighty-six patients comprise this group. Microscopic examination of their 
lungs frequently revealed the thrombotic lesions characteristic of congenital 
pulmonic stenosis and described in detail in Part I of this report. The present 
discussion will deal only with those alterations which can be attributed to the 
surgical procedure. 

All patients had a systemic-pulmonary arterial anastomosis and in all but 9 
instances this was patent at autopsy. Occlusion of the anastomosis was due to 
thrombosis in 7 and to misplaced suture in one. The 9th patient was a 5 year 
old girl in whom asystole occurred each time a large innominate pulmonary 
anastomosis was opened. Finally the anastomosis had to be ligated and the 
child died. 

In these 9 patients microscopic examination of the lungs revealed only 
changes characteristic of a reduced pulmonary blood flow and polycythemia 
as well as parenchymal congestion which could be ascribed to the operation. 

There remain 77 patients who had a patent anastomosis at the time of 
death. Microscopic study of their lungs revealed alterations which apparently 
resulted from the sudden inflow of blood under high pressure. These are illus- 
trated by examples of progressively severe vascular injury as revealed in 
sections taken from different patients. 


The earliest change consisted of marked distention of the small pulmonary 
arteries so that the arterial wall appeared stretched and thinned. In more 
severe instances red blood cells escaped from the arterial lumen and were seen 
to lie between the fibers of the adventitia (Fig. 1). Such hemorrhage probably 
occurred through minute areas of rupture in some instances, while in others 
there was frank rupture of the small pulmonary arteries so that a small cuff 
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Fic. 1. Small pulmonary artery with overstretched wall and extravasated red blood cells 
among the adventitial fibres. From a 17 months old boy who died 24 hours after a subclavian 
pulmonary anastomosis. Elastic tissue stain. 300. 


of blood surrounded the vessels (Figs. 2, 3). This extravasated blood disrupted 
the structure of the vessel wall and usually separated the adventitia from the 


media. In some patients such perivascular hemorrhage was present only in 


scattered areas of the lung sections, but, more commonly, there was wide- 
spread involvement of the small pulmonary arteries. In an extremely severe 
instance the hemorrhage apparently extended along the branches of the pulmo- 
nary vascular tree and came to occupy a position outside the adventitia 
around the larger vessels (Fig. 4). 

Arterial rupture of varying degrees of severity was found in 19 of the 86 
patients who died in the first postoperative week. The incidence of this alter- 
ation is probably higher than these figures would indicate, as in most instances 
only two blocks of lung tissue were studied from each patient. 
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Fic. 2. Small pulmonary arteries surrounded by a cuff of extravasated blood. From a 5!¢ 
year old boy who died 8 hours after a subclavian-pulmonary anastomosis. Elastic tissue 
stain. x 300. 


The relationship between the cause of death and the pulmonary vascular 
changes is shown in Table I. Arterial injury was found most commonly among 
the patients in whom death was the result of cardiac failure. This is not sur- 
prising as the patients who constitute this group are those in whom the amount 
of blood shunted through the anastomosis was excessively great. Arterial injury 
was, however, also present in 2 of the 21 patients who died of cerebral com- 
plications, in 2 of a group of 21 patients who died within a few hours after 
operation from hemorrhage or cardiac arrest, and in one child who died of 
pneumonia two days after operation. In these latter 5 instances the anastomosis 
was believed to be satisfactory and did not appear to contribute to the death 
of the patient. 

Severe vascular congestion was present in the lungs of each of the 31 pa- 
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F 
Fic. 3.* Small pulmonary arteries with massive extravasation of blood which disrupted fF  roun 
the adventitia. From a 21 months old boy with tricuspid atresia who died 24 hours after a 
subclavian-pulmonary anastomosis. Elastic tissue stain. & 150. typ 
P iad ef wer 
tients who died in congestive heart failure. Frequently the classical changes of J ie 
acute pulmonary edema were seen, which included distention of the pulmonary [J the 
veins, engorgement of the capillaries, occasional capillary rupture, and the i 
presence of edema fluid in the alveoli. } | 
Pulmonary capiilary congestion and, occasionally, edema was also noted in bins 
26 patients who died of causes other than heart failure. Some of these patients ind 
showed clinical evidence of a large shunt. oom 
The relation between the incidence of pulmonary vascular changes and the ie 
* Figures 3 and 7 are reproduced from the discussion of Section V. The pulmonary circula- : tie 
tion in congenital heart disease. In Pulmonary Circulation Edited by W. Adams, andl. [7 ol 
a Grune & Stratton, New York, N. Y., 1959. With the kind permission of the Pub- ff a 
isners. 





res of 
mary 
1 the 


ed in 
ients 


1 the 


rcula- 
ind I, 
Pub- 


PULMONARY VESSELS IN TETRALOGY OF FALLOT. II 


_@ ‘ 


Fic. 4. Larger pulmonary artery from the same patient. The extravasated blood sur- 
rounds the adventitia. Elastic tissue stain. X 150. 


type of anastomosis is shown in Table Il. With each type of anastomosis there 
were instances of vascular injury and also instances where the pulmonary 
vascular bed appeared entirely unaffected. Measurements of the diameter of 
the anastomosis were not available and thus the effect of the size of the anas- 
tomotic lumen on the incidence of vascular injury could not be determined. 

In order to evaluate the significance of the various alterations found in the 
lungs of this group of 86 patients, we studied for comparison the lungs of 10 
individuals in whom a thoracotomy was performed but in whom an anastomosis 
could not be accomplished. There was no instance of arterial rupture in this 
group. Capillary congestion, on the other hand, was noted in 6 of the 10 pa- 
tients and in one of these there was evidence of pulmonary edema. The presence 
of postoperative pulmonary congestion must, therefore, be interpreted with 
caution. 








CHARLOTTE FERENCZ 


TABLE I 
TETRALOGY OF FALLOT 
DEATHS IN FIRST POST-OPERATIVE WEEK 




















T Noor | PULMONARY VASCULAR CHANGES 
CAUSE of DEATH PATIENTS | ART. RUPTURE | CONGESTION | NONE 
CARDIAC FAILURE 31 14 31 - 
SS 
CEREBRAL 
COMPLICATIONS 2! 2 VI 9 
EE —————EE———E —— | 
SHOCK, HEMORRAGE 
CARDIAC ARREST 2! 2 9 i 
PULMONARY 
COMPLICATIONS 6 | 2 4 
$$$ jp —___§_ 
ANASTOMOSIS 
THROMBOSED 5 2 3 
—_——————— $$$} 
OTHER 2 - 2 —- 
| } | } 
T } | 
| TOTAL 86 19 57 27 
Sanaa | An See Pw 





The observations made in 86 instances of early postoperative death indicate 
that severe pulmonary vascular damage may occur as the result of a systemic- 
pulmonary arterial anastomosis. On the other hand a satisfactory anastomotic 
blood flow may be present without causing adverse alterations in the pulmonary 
vascular bed. 


DEATHS ONE WEEK TO ONE YEAR AFTER OPERATION 


The incidence of deaths following a systemic-pulmonary arterial anas- 
tomosis dropped sharply after the first week. Eight patients died after one 
week but before the end of the first postoperative month. In 4 patients death 
occurred, respectively, at 249, 3, 344, and 8 months after surgery. The causes 
of death of these patients are listed in Table III. 

In the lungs of these patients, we searched for evidence of previous arterial 

injury in an effort to determine the fate of these lesions. Among the 12 patients 
there was only one instance in which arterial injury had occurred post- 
operatively and was now beginning to heal. This was in a 17 months old boy 
who underwent a left subclavian-pulmonary end-to-side anastomosis 3% 
months prior to his death. Cardiac failure was evident at the conclusion of the 
operation and, in spite of intensive therapy, he never regained compensation. 
In this instance numerous sections were taken from each lung. In all lobes 
there was evidence of chronic congestion with cellular proliferation of the 
alveolar walls, edema fluid and heart failure cells in the alveoli. In addition all 
lobes contained patches of intraalveolar hemorrhage, presumably due to capil- 
lary rupture. Two sections taken from the upper lobe of the left lung showed 
several small arteries in which a few red blood cells were present between the 
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TABLE II 
TETRALOGY OF FALLOT 
TYPE OF ANASTOMOSIS IN RELATION TO PULMONARY VASCULAR CHANGES 





TYPE OF ANASTOMOSIS pb PULMONARY VASCULAR CHANGES 
ART. RUPTURE| CONGESTION | NONE 
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END- TO-SIDE ae ae 23 12 
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CAROTID . 2 3 
INNOMINATE T 2 7 2 
AOPTIC- PULMONARY 
(POTTS ) si . ’ s 
TOTAL 86 19 40 * 27 























*I7 PATIENTS WITH ARTERIAL RUPTURE AND CONGESTION ARE INCLUDED 
ONLY IN THE COLUMN FOR “ART. RUPTURE” 


TABLE III 
Deaths One Week to One Year After Operation 


Cause of Death No. of Patients 


Cerebral 4 
Cardiac failure 3 
Thrombosis of anastomosis 2 
Empyema 1 
Pulmonary infarct 1 
Pericarditis 1 

Total 12 


fibres of the adventitia. A third section, taken from the left lower lobe, showed 
a fairly extensive area of consolidation in which, even with the naked eye, 
one could distinguish a pale “‘halo’”’ around the medium sized arteries (Fig. 5). 
Microscopic examination showed that these arteries and their branches were 
surrounded by an area of hemorrhage (Fig. 6). In this cuff of blood the red 
blood cells nearest the arteries were mostly intact while those farthest away 
were disintegrated and there were hemosiderin deposits. In addition there was 
extensive infiltration with round cells and occasional large mononuclear cells. 
This inflammatory reaction was also present in the surrounding lung pa- 
renchyma. 

In this single instance, therefore, we have evidence that an inflammatory 
process followed rupture of the arteries. It is noteworthy that arterial injury 
Was present only in a small area relatively close to the anastomosis. 
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Fic. 5. Small pulmonary artery surrounded by extravasated blood and evidence of arteri- 
tis. From a 17 months old boy who died in cardiac failure 314 months after a subclavian- 
pulmonary anastomosis. Elastic tissue stain. « 50. 


LATE POSTOPERATIVE DEATHS 

This group includes 19 patients who lived for more than one year after a 
successful systemic-pulmonary shunt was established and in whom the anas- 
tomosis was patent at autopsy. Their postoperative follow-up period ranged 
from 1! to 124 years with an average duration of 7.1 years. 

The patients are grouped according to the clinical evaluation of the size 
of their shunt prior to death: 

Patients in whom the shunt was too small. 

Patients in whom the shunt was adequate, and death was due to unrelated 

disease. 

Patients in whom the shunt was too big and led to fatal complications. 

The findings in the pulmonary vascular bed and their relation to the clinical 
evaluation of the patient are presented in Table IV. 
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1 
Fic. 6. High power view of section of Figure 5. Note round cell infiltration of extra- 
vasated blood and surrounding lung parenchyma. Elastic tissue stain. X 150. 


Anastomosis Too Small 


Among the patients who were improved after a systemic-pulmonary anas- 
tomosis there were some who, over the course of years, experienced a return 


of cyanosis and exercise intolerance in spite of a persistent murmur of a 
functioning anastomosis. Haller (4) has reported these as instances in which 
the anastomosis was ‘‘outgrown’’. Seven patients showed this clinical course. 
They varied in age from 7 to 17 years. Their postoperative period varied from 
4to 1114 years with an average duration of 7.8 years. In only one instance was 
the initial operation performed in infancy. Six patients died at or after another 
operation, and one died suddenly during a phlebotomy. The original anas- 
tomosis was patent in all, but in each instance it was small. A 17 year old boy 
had two anastomoses, and both were patent, though very small. 

Microscopic examination revealed that three patients had entirely normal 
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TABLE IV 


SYSTEMIC - PULMONARY ANASTOMOSES 
LATE POSTOPERATIVE DEATHS 
































| CLINICAL No. of | YEARS PULMONARY VASCULAR CHANGES — 
SHUNT COURSE _/ PATIENTS |POST OP | Org. |) Medial | intimal Fibrosis 
None | Thrombi | Hypertr. Mild Severe 
| ] i an 
Too Anastomosis | 
Small | Outgrown | 7 4 -\th | 3 3 ' - | 3 
a Endarteritis | | 
C4 of Anastomosis | 2 34-54 | - 2 2 2 - 
| | | 
% -. | T a 
@ Death From | 
Unrelated Diseose 5 MH -I2 | 5 - - - ~ 
+ t 
Chronic 
Cardiac Failure 3 1,-9% | - i 2 e i « 
Too 8 |_ H ae -_ 
Bid Return of Cyonosis| | 
Dilated Pulm Artery! 2 4-124) - _ 2 - 2 
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lungs. One of these was a 17 year old boy with two previous anastomoses, 
both of which had carried an adequate blood flow at one time. 

Recent and organized thrombi were found in the pulmonary vessels of three 
other patients, but in no instance were these lesions severe. They were similar 
to the thrombotic lesions characteristically seen in unoperated patients with 
tetralogy of Fallot. One of the patients was a 12 year old girl who died 8 
years after operation during a phlebotomy. She had had a good result from a 
left subclavian-pulmonary anastomosis for 7 years, but during the last year 
of her life cyanosis, dyspnea, and polycythemia were rapidly progressive. In a 
7 year old girl sudden deterioration in color and exercise tolerance occurred 
three years postoperatively following an episode of subacute bacterial endo- 
carditis. She died at the time of a second operation one year later. The third 
patient in this group is of special interest, because in this instance the throm- 
botic lesions were confined to the left lung, while the right lung showed normal 
vessels. This was a 16 year old girl in whom a right subclavian-pulmonary end- 
to-side anastomosis had been performed 7 years previously. She maintained a 
good result for 6 years and died at her second operation. Autopsy revealed 
that the anastomosis was patent, but the right pulmonary artery was angulated 
and occluded proximal to the anastomosis. Thus the anastomotic blood flow 
was directed entirely into the right lung and this was the lung which showed 


normal vessels. The left lung, on the other hand, received its blood supply from 
the right ventricle via the infundibular stenosis and main pulmonary artery, 
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and its vessels showed moderately extensive thrombotic lesions. This finding 
provided strong evidence that the presence of a good anastomotic blood flow 
prevents the occurrence of thrombosis and may even contribute to the dis- 
solution of previously existing lesions. 

The seventh patient in this group showed severe hypertensive alterations 
in the pulmonary arterial tree. He is included in this category because his 
clinical history was essentially similar to that of the other patients and sug- 
gested that his anastomosis had narrowed over the years. This was a 16 year 
old boy who underwent a left subclavian-pulmonary end-to-side anastomosis 
for tetralogy of Fallot at the age of 5 years. For 6 years thereafter, he main- 
tained good clinical improvement and had a loud continuous murmur. A 
sudden deterioration in color and exercise tolerance followed an episode of 
subacute bacterial endocarditis, and within 3 months the continuous murmur 
had disappeared. Three years later a murmur of aortic regurgitation appeared 
and progressive cardiac enlargement was noted thereafter. Autopsy revealed 
no gross lesion of the aortic valve. The anastomosis was patent, but very small 
with a diameter of only 3 mm. Thus this boy had a narrowed anastomosis 
which had become inadequate for his needs. In addition he also had severe 
occlusive alterations in the pulmonary vascular bed. These will be described 
later. 

Anastomosis Adequate 


Seven patients obtained and maintained a good clinical result from the time 
of operation until their terminal illness. In two of these patients death was 
due to bacterial endocarditis which involved the anastomosis. The alterations 
in the pulmonary. vascular bed were similar in each instance. There was evi- 
dence of recent and organized thrombosis with patchy intimal thickening. In 
addition, both patients showed medial hypertrophy of the muscular pulmonary 
arteries and many vessels in which intimal thickening was concentric and sug- 
gestive of a diffuse process rather than of organized thrombosis. In both pa- 
tients the anastomosis was large and apparently responsible for the medial 
hypertrophy and some of the intimal changes. The thrombotic lesions, on the 
other hand, may, at least in part, have represented peripheral pulmonary 
emboli from the infected anastomosis. 

In five patients death was due to causes unrelated to the cardiovascular 
system. Three patients died of pulmonary infections, one of nephritis, and 
one of leukemia. These patients varied in age from 6 to 21 years and the average 
duration of life after operation was 7.4 years with a range of 14 to 1049 years. 
All had clinical evidence of a satisfactory anastomotic blood flow. In every 
one of these five patients the pulmonary vessels were normal. This finding 
demonstrates that an anastomosis, which is adequate to maintain a patient 
symptom-free, can exist for many years without producing adverse alterations 
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in the pulmonary vascular bed. Indeed, even the thrombotic lesions which are 
characteristic of malformations with a reduced pulmonary blood flow, were 
absent. 


Anastomosis Too Big 

Five patients had a large anastomotic blood flow which resulted in fatal 
consequences. 

In three instances death was due to cardiac failure. A 25 year old man de- 
veloped cardiac enlargement after an aortic pulmonary anastomosis was per- 
formed and evidence of severe cardiac decompensation ensued 4+ months after 
operation. He improved for a while on digitalis therapy and was able to work, 
but a year later cardiac failure became increasingly severe and he died 115 
years postoperatively. At autopsy the Potts anastomosis measured 6 mm. in 
diameter, the same as the measurement at operation. His lungs showed evi- 
dence of chronic passive congestion. The pulmonary arteries were thin-walled 
and showed moderately extensive intimal fibrous patches which had the appear- 
ance of organized thrombi. 

The second patient was a 9 year old boy who initially had a good result 
following a subclavian pulmonary anastomosis. Three years later he developed 
acute rheumatic carditis with mitral and aortic incompetence and cardiac 
failure. In spite of prolonged therapy chronic cardiac decompensation per- 
sisted and he died 4 years later, 7 years after operation. At autopsy the heart 
was large, but no stigmata of rheumatic endocarditis were present. The anas- 
tomosis measured 8 mm. in diameter. The lungs showed evidence of chronic 
passive congestion. There was wel] marked medial hypertrophy of the muscular 
pulmonary arteries and diffuse intimal fibrosis. In this instance it seems as if 
rheumatic carditis added to the load of a large anastomotic blood flow and 
produced irreversible cardiac failure. 

The third patient was a 19 year old boy who developed cardiac failure 
immediately after a subclavian pulmonary anastomosis. Compensation was 
re-established with digitalis therapy and for 8 years this patient had a good 
postoperative result. Cyanosis and exercise intolerance then recurred and a 
second anastomosis was performed in which the aorta and pulmonary artery 
were joined by a homograft. Cardiac enlargement and failure again ensued 
and the patient died 2 years after the second operation, 914 years after the 
initial procedure. At autopsy both anastomoses were patent the first measured 
6.5 mm. in diameter, the second measured 7.5 mm. Surprisingly few alterations 
were present in the pulmonary vascular bed. There was mild medial hyper- 
trophy of the muscular pulmonary arteries and mild diffuse intimal fibrosis 
which affected mainly the small vessels. 

Severe pulmonary hypertensive changes were present in the 16 year old boy 
already mentioned, who had also outgrown his anastomosis, and in two young 
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men, 30 and 19 years of age, respectively. The latter two patients have been 
reported in detail by Ross ef a/. (5). They differed from the first patient in that 
the presence of a high peripheral pulmonary vascular resistance could be 
predicted on the basis of clinical findings. The 30 year old man had a Potts 
anastomosis and the continuous murmur of the functioning anastomosis dis- 
appeared 2 years after operation. Thereafter cyanosis and exercise intolerance 
returned and he died in right heart failure. At autopsy the diameter of the 
anastomosis was twice as great as at operation. 

The third patient, a 19 year old boy, maintained a clinically good result 
following a right subclavian pulmonary anastomosis. Nevertheless, progressive 
dilatation of the pulmonary artery and a slow gradual rise in hematocrit oc- 
curred. He died of rupture of the pulmonary artery 12!9 years after operation. 





Fic. 7. Small pulmonary artery of 16 year old boy with tetralogy of Fallot, who died 9 
years after a subclavian-pulmonary anastomosis which was patent at autopsy. Note medial 
hypertrophy and severe intimal fibrosis. Elastic tissue stain. & 150. 
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The pulmonary vascular lesions were similar in all three instances and 
consisted of medial hypertrophy and severe intimal fibrosis (Fig. 7). These 
changes affected most of the small pulmonary arteries and arterioles. In many 
vessels intimal fibrosis was severe, and often it invaded and destroyed the 
media so that the normal layers of the arterial wall could no longer be dis- 
tinguished. Intimal fibrosis was present also in the larger vessels and was 
especially severe in the patient who had the aneurysmal dilatation of the 
pulmonary artery (Fig. 8). These lesions differed from organized thrombi in 
that they were diffuse and concentric rather than patchy, uniformly dis- 
tributed and associated with medial hypertrophy. Recanalized or vessels with 
multiple lumens were not seen. 





Fic. 8. Section of the pulmonary arteries near the hilum of the lung which show severe 
intimal fibrosis. From a 19 year old boy with tetralogy of Fallot who died of a ruptured 
pulmonary artery 12! years after a subclavian pulmonary anastomosis. Elastic tissue 
stain. X 5. 
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DISCUSSION 


The anastomosis of a systemic artery to the pulmonary artery in patients 
with pulmonic stenosis may be associated with significant alterations in the 
pulmonary vascular bed. A study of the lungs of 117 patients, who died after 
a shunting operation, revealed that detrimental as well as beneficial effects 
may be caused by the anastomotic blood flow. 

Rupture of small pulmonary arteries was found frequently in patients who 
died within the first few postoperative days. It was more commonly seen in 
patients with a large shunt and evidence of cardiac failure than in the group of 
patients whose cardiovascular status was thought to be satisfactory after 
operation and who died of other causes. Even in this latter group, however, 
there were instances of severe arterial injury. 

It seems clear that sudden overdistention of thin-walled vessels is responsible 
for the rupture of the vessel wall. Dammann ¢/ al. (6) and Ferguson (7) have 
produced almost identical lesions in experimental animals by the creation of 
large systemic-pulmonary anastomoses. In their preparations the initial 
arterial injury was followed by an inflammatory reaction and later by fibrosis 
and reduction of the arterial lumen. 

Among the patients, who died after the immediate postoperative period, 
there was only a single instance of perivascular hemorrhage and inflammation. 
Nevertheless, this single case demonstrates that the sequence of events de- 
scribed in experimental preparations can also occur in man. Our study permits 
no conclusion concerning the ultimate fate of these lesions. 

Lesions similar to the above are occasionally observed in the mesenteric 
vessels after resection of a coarctation of the aorta (8, 9). In these instances 
the changes usually consist of fibrinoid necrosis of the vessel wall, inflammatory 
infiltration both of the vessel wall and the surrounding tissues, and fibro- 
blastic proliferation of the perivascular zone. These examples of necrotizing 
arteritis differ from the lesions seen in our patients in the early postoperative 
period when hemorrhage was the cardinal finding. Since the abdominal com- 
plications of resection of a coarctation do not usually become evident until 
4 to 10 days after the operation, the material is studied in the subacute or 
healing phase of the lesion, which is the period so poorly represented in the case 
material of our study. 

An important parallel can be drawn between the acute rupture of smail! 
pulmonary arteries and the necrotizing arteritis of mesenteric vessels which 
occurs after a sudden inflow of blood with a high, intermittent pressure. In 
both instances we are dealing with organs in which the vessels are poorly sup- 
ported by loose perivascular structures. Thus the extravascular tissue pres- 
sure is low, and an increase in the intraluminal pressure produces a high trans- 
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mural gradient (10). These vessels are therefore highly vulnerable to distention, 
overstretching and rupture. 

Byrom and Dodson (11) have produced similar lesions by the repeated 
forcible injection of Ringer’s solution into the arterial system of rats. They 
considered these alterations to represent evidence of simple vascular strain 
and ‘“‘a vigorous attempt to repair a threatened breach due to local death and 
lysis of overstretched muscle fibres.” 

Findings in the lungs of patients who died in later years after operation, 
have provided important evidence on the effect of arterial shunts on the course 
and prognosis of patients with tetralogy of Fallot. These conclusions appear 
justified: 

An adequate anastomotic blood flow prevents the occurrence of pulmonary 
thrombosis and probably is effective in the resolution of previous thrombotic 
lesions. Thrombosis recurred in patients who had “outgrown’’ their anas- 
tomosis, but vascular occlusion was never as severe as in unoperated patients. 
Thrombosis was present unilaterally in the left lung of a patient in whom only 
the right lung was supplied by the anastomosis. These findings may explain 
the impression that the mortality of corrective surgery for tetralogy of Fallot 
is lower among patients who had a previous anastomosis than among those who 
undergo operation for the first time. 

An anastomotic blood flow, adequate to relieve the patient’s symptoms, is 
usually associated with a normal pulmonary vascular bed. Furthermore, this 
state can be maintained for many years as shown by the normal microscopic 
appearance of the lungs of five patients who died of intercurrent disease. In 
two of these patients death occurred more than 10 years after operation. This 
finding justifies considerable optimism concerning those children who are 
asymptomatic following an anastomosis. 

Bacterial endarteritis in postoperative patients is a serious complication. 
In two instances it was followed by rapid loss of benefit from the anastomosis, 
and both of these children died later. Two other patients died after prolonged, 
unsuccessful therapy, and both showed evidence of pulmonary embolization. 

A large anastomosis which leads to chronic cardiac decompensation is not 
necessarily associated with marked structural alterations of the pulmonary 
vascular bed. In fact, among the 3 patients who died of late cardiac failure, 
only two showed evidence of medial hypertrophy and mild intimal fibrosis. In 
both instances the changes in the pulmonary arteries were mild and they would 
not have jeopardized a favorable outcome of corrective surgery. 

Severe hypertensive pulmonary vascular changes were present in 3 of 19 
patients. In two of these the clinical course suggested the presence of a gradu- 
ally increasing pulmonary vascular resistance. In the third patient, however, 
the clinical course suggested that he had ‘‘outgrown” his anastomosis. The long 
period of well-being which followed operation in these 3 patients makes it un- 
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likely that initial arterial injury was responsible for the development of hyper- 


tensive alterations. The appearance of the arterial lesions in these instances 
suggests that they are produced in a manner similar to the pulmonary vascular 
lesions of high flow malformations, i.e. atrial septal defects, etc. In such pa- 
tients, the increased pulmonary blood flow results in injury changes of the 
intima which, in turn, cause a reduction of the vascular capacity of the lung. 
A vicious cycle is thus initiated which leads to an increase in pulmonary pres- 
sure and to progressively severe arterial fibrosis (12, 13). In patients who post- 
operatively develop such severe vascular damage the prognosis is poor. lortu- 
nately, this complication was uncommon among the patients in our series. 


SUMMARY 


The creation of a systemic-pulmonary anastomosis in patients with the 
tetralogy of Fallot may cause either detrimental or beneficial alterations in the 
pulmonary vascular bed. 

Acute injury to small pulmonary arteries was noted in many of the patients 
who died within a few days after operation. This consisted of rupture of small 
pulmonary arteries with periarterial hemorrhage of varying degrees of severity. 

The healing phase of acute arterial injury was noted in only one patient. 
In this instance an inflammatory reaction surrounded ruptured vessels. 

The study of the lungs of patients who died more than one year after oper- 
ation showed that the severe thrombotic lesions, characteristic of the lungs of 
unoperated patients, were absent in this late postoperative group. In patients 
who had a good anastomosis initially, but who lost the improvement with 
growth, there was a tendency toward the recurrence of thrombotic lesions. 

Patients who had a good clinical result, but died of unrelated causes, had 
normal lungs. 

Bacterial endarteritis damaged the pulmonary vascular bed by embolization. 

Chronic congestive cardiac failure in patients with a large anastomosis was 
associated with medial hypertrophy of muscular pulmonary arteries and 
intimal fibrosis, but this was not severe in the three patients who showed this 
complication. 

Severe pulmonary hypertensive alterations were present in 3 of 19 patients 
who died 114 to 1244 years after operation. The changes in these instances were 
similar to those observed in patients with malformations of the heart in which 
a high pulmonary blood flow represents the most serious physiologic alteration. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING OF 
THE JOHNS HOPKINS MEDICAL SOCIETY 


November 9, 1959 


STUDIES ON VOLUME AND ELASTICITY OF THE 
PULMONARY VASCULAR BED 


W. R. Mitnor, C. J. McGarr anv A. D. JosE 


Measurements of the pulmonary blood volume have been carried out by application of 
the Stewart-Hamilton dilution principle during simultaneous catheterization of the right 
and left heart chambers. Arterial dilution curves were recorded from the brachial or femoral 
artery after injecting ““Cardio-green””” dye first into the pulmonary artery, and two to four 
minutes later into the left atrium. The difference in mean transit times between the two re- 
sulting curves was taken to be the pulmonary mean transit time; the product of cardiac out- 
put and pulmonary mean transit time was taken to be the pulmonary blood volume. 

Twenty-seven patients were studied, all but two having rheumatic disease of the aortic 
or mitral valves. One patient had idiopathic pulmonary hypertension, and one arterioscle- 
rotic heart disease. The average pulmonary blood volume in these patients was 349 ml./M?. 
This figure is considerably smaller than previous indirect estimates in the literature, but 
there is evidence to suggest that such indirect estimates are falsely high. A positive correla- 
tion between cardiac output and pulmonary blood volume was observed. The ratio of pul- 


monary blood volume to mean intravascular pressure in the pulmonary bed may be a useful 
index of the elasticity of the pulmonary vessels. 


RELATIONSHIP BETWEEN INSULIN-BINDING SERUM GLOBULIN 
AND INSULIN REQUIREMENT 


THADDEUS E. Prout AND Ropert B. KAtimMs 


Insulin-binding globulin is present in the serum of most diabetic patients previously 
treated with insulin. The clinical significance of the binding protein is obscure; however, a 
number of relevant characteristics of the insulin-binding globulin have not been considered 
in previous studies. 

The rate of disappearance of insulin I-131 from the serum of normal patients or untreated 
diabetics is relatively rapid. In patients with circulating insulin-binding globulin, the bound 
insulin is not immediately available for peripheral use and degradation is delayed. The bound 
insulin becomes, in effect, a circulating insulin depot and insulin becomes available from this 
depot by dissociation from the binding protein. The relative proportion of total circulating 
insulin that is present in the free form is increased as the binding protein becomes more nearly 
saturated with exogenous insulin. Saturation of the binding protein can be accomplished by 
increasing the daily dosage of insulin. 

Although raising the dosage of insulin may saturate the binding protein and increase the 
free insulin portion, it could also act as an added stimulus to further production of insulin- 
binding globulin. This would, in time, negate the effect of the additional insulin. A technique 
has now been devised by which fluctuations in the quantity of serum-binding protein may be 
followed under various clinical conditions. Although several of the patients tested showed 
some increase in the quantity of binding globulin following the increase in daily insulin, no 
deterioration of the clinical course was noted. Methylprednisolone lowered the quantity of 
serum-binding globulin in one patient and there was a concomitant reduction in insulin 
119 
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needs. The studies reported demonstrate some of the ways by which the serum-binding 
globulin may influence the availability of insulin in patients with insulin-binding globulin, 


AN EXPERIMENTAL EVALUATION OF PARTITIONING OF THE 
INFERIOR VENA CAVA TO PREVENT PULMONARY 
EMBOLISM 


FRANK C. SPENCER 


The inferior vena cava below the renal veins was partitioned in 13 dogs with mattress 
sutures which approximated the anterior and posterior walls. The sutures were placed ina 
single transverse row 4 to 5 mm. apart, creating channels 29 to 3 mm. in diameter. Four ani- 
mals were used as controls and sacrificed for study 12 days after the sutures were inserted, 
The partitioning procedure did not cause any thrombi to form in the cava. Emboli made from 
compressed Ivalon and containing a metal shot were subsequently introduced into the femo- 
ral vein of 9 animals in whom the vena cava had been previously plicated. These animals 
were studied for one to ten months with venous angiograms and then sacrificed. The emboli 
caused complete thrombosis of the vena cava in one animal. This animal and one other had 
an increased venous pressure (175-200 mm. saline), but the other 7 animals had a normal 
venous pressure. The emboli were trapped at the site of the partitioning in all of the animals 
but two, in each of which some of the emboli were trapped but one in each passed through the 
plicated area and embolized to the lung. 

It was concluded that partitioning of the vena cava to construct channels about 3 mm. in 
diameter does not cause thrombosis of the vena cava and will stop emboli that are larger 
than 3 mm. Application of this procedure in man is planned as a method of prevention of 
pulmonary emboli without inducing venous hypertension in the lower extremities from com- 
plete occlusion of the vena cava. 
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Clinical Orthopaedics No. 14. Recent Advances in Orthopaedic Surgery in Infancy and 
Childhood. Edited by ANrHony F. DEPatma. Guest Editor, ALBERT B. FERGUSEN, JR. 
193 pp., $7.50 single copies. J. B. Lippincott Co., Philadelphia, Pa. 

The current issue contains twenty-one papers and is devoted mainly to recent advances in 
orthopedic surgery in infancy and childhood. The subject matter ranges from a biographical 
sketch of Michael Hoke to a discussion of the significance of growth. From this wide variety 
of offerings, the orthopedist is almost sure to find something titillating. 

Of general interest were articles on the present trend in treatment of osteogenic sarcoma, 
and the painful coccyx. Both of these subjects are covered very beautifully by authors who 
can and do speak with authority. 

Of special interest are the observations on the significance of growth in orthopedic surgery. 
This discusses the possible relationship between growth, hormones and the development of 
several pathologic osseous entities, such as scoliosis, Legg Perthes and Osgood-Schlatters 
disease. The discussion and definition of longitudinal and cross sectional studies of growth is 
interesting and instructive. 

In general the type of article in a publication of this sort, is more interesting than the usual 
journal presentation. Freed from the necessity of adhering to artificially rigid formats the 
author can interject a dash of literary spice which does not dilute the scientific value of the 
paper; to the contrary it increases its palatability manyfold. 

Although not all of the contributions to clinical orthopedics are literary or scientific gems, 
the current issue is in general, good reading. 

Jesse N. BorDEN 


Lexicon Ophthalmologicum. Edited by M. E. Atvaro, Marc Amster, H. Arruoa, G. B. 
BrettI AND STEWART DUKE-ELDER. 217 pp., $9.00. J. B. Lippincott Co., Philadelphia, 
Pa. 

To assess the value of a dictionary, one has to use it frequently. It is, therefore, difficult 
to give a definite opinion of the Lexicon ophthalmologicum. 

Sir Stewart Duke-Elder writes in the preface that “the International Council of Ophthal- 
mology has sponsored the writing of this dictionary to help the ophthalmologist to read, and 
perhaps to write, in a language other than his own.” I am afraid that Sir Stewart is too op- 
121 
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timistic. To write in a language other than one’s own, one has to master the language and 
one seldom needs a dictionary. As a help in reading a foreign language the Lexicon will be 
useful. The listing of ophthalmological terms seems to be complete, and the translations are 
very precise. 

The book is divided into six parts, one for each of six languages: English, German, Spanish, 
French, Italian and Latin. The English part serves as the key for all the others. Each English 
word is followed by its equivalent in the other languages and it is given a number which js 
repeated for this particular term in all the other sections. For example, to find the translation 
of the German word “‘Muskeldurchschneidung” one would look in the German part, find 
the number 1325, and look that number up in the English part—a somewhat cumbersome 
procedure. 

Much of the information in the Lexicon ophthalmologicum cannot be found in any other 
dictionary. It fills, therefore, a definite need in an ophthalmological library, at least until 
our dream of a universal language comes true. 

Lisa Davis 


Pediatric Pathology. By DANIEL STOWENs. 676 pp., $20.00. The Williams & Wilkins Co., 
Baltimore, Md. 

This is a pioneer work, well summarized by its title. It consists of a presentation of the 
anatomical, and to a lesser extent, the functional changes, associated with disease occurring 
from birth through childhood. Dr. Stowens expects us to be well acquainted with the funda- 
mentals of “‘general’’ pathology, for he uses terms such as “thrombosis’’, ““embolism”’, “in- 
farction”’, etc., without explanation during discussions of specific disease processes. 

The material herein is comprehensive, as virtually every disease described in a standard 
text book of pathology is at least mentioned. However, the value of this volume lies in the 
stressing of the manifestation and variations of each condition in the childhood age gronps. 
For example, after giving the general characteristics of T. pallidum, acquired syphilis is dis- 
missed with a brief paragraph; but, all aspects of congenital syphilis are discussed in detail. 
Similarly, although the many factors producing modification of the tissue reactions in tu- 
berculosis are well documented, the description of these lesions and their mode of dissemina- 
tion is complete only for primary or childhood tuberculosis; and re-infection or adult tubercu- 
losis is dismissed with meager comparative paragraphs to differentiate it from and accentuate 
the former. In this respect, too, it is the tumors occurring in childhood that are most ade- 
quately described. 

In addition to focusing on the pediatric aspect of disease common to all ages, chapters 
herein are devoted to diseases peculiar to the newborn, including prematurity and post- 
maturity, to the neonatal period and to diseases of the placenta. Abnormalities of growth 
and development are presented along with many basic normal standards for comparison 
(In this respect, it would have been advantageous to have included weights and measure- 
ments for all the individual viscera at different ages, which is information difficult to obtain 
elsewhere.) Congenital malformations are described in the chapters covering “specific” or 
organ pathology, but an excellent early chapter is devoted to the pathogenesis of malforma- 
tions. Numerous sections of this book are concerned with the results of specific etiological 
agents such as poisons, infections (bacterial, fungal, viral and parasitic), nutritional and de- 
ficiency diseases and diseases due to inborn errors of metabolism. In many categories, not 
only is the basic condition summarized, but the common sequelae are added to the picture. 
A good example is the description of cystic fibrosis of the pancreas and the associated altera- 
tions in distant viscera. 

About a half of the book reverts to the presentation normally called “‘special’”’ or system 
pathology. Numerous unusual and esoteric conditions are included such as Pneumocystis 
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carinii and Rich-Hamman disease, but unfortunately there are glaring omissions. In the 


brief description of disseminated lupus, there is no mention of the no-longer recent informa- 
tion about this condition; no mention of L-E cells or hematoxylin bodies, or periarterial 
fibrosis in the spleen. Even more serious in a text of childhood pathology is the omission of 
any discussion of Marfan’s syndrome or its component lesions. The most serious defect of 
this book, however, is the allocation of space to many important subjects. In his desire to 
cover everything, Dr. Stowens has condensed important conditions, such as nephrosis, too 
radically, and there is frequently complete absence of discussion of the pathogenesis of dis- 
ease described, even when the information is available. 

In summary, this volume fills an unique role as a reference book for the pathologist con- 
fronted by pediatric problems, and for the pediatrician desiring an introduction to the path- 
ological changes responsible for many pediatric syndromes. There is a satisfactory bibli- 
ography, and many excellent microphotographs aid in illustrating the text. The latter were 
compiled from material in the files of the American Registry of Pediatric Pathology at the 
\rmed Forces Institute of Pathology, Washington, D. C. An appendix gives a tabular analy- 
sis of pediatric diseases included in this volume. 

Etta H. OPPENHEIMER 


The Life and Times of Sir Charles Hastings. By W1LLIAM H. MCMENEMEY. 516 pp., $10.00. 
E. & S. Livingstone Ltd., Edinburgh and London. The Williams & Wilkins Co., ex- 
clusive U. S. agents, Baltimore, Md. 

Sir Charles Hastings (1794-1866), career-long practitioner and leading citizen of Worces- 
ter and probably a distant relative of Warren Hastings (the author does not clarify this 
point), was a prime mover of the Provincial Medical Association (1832), forerunner of the 
British Medical Association (1856). His biography is essentially the story of early organized 
medicine—general medicine, that is, as opposed to the physicians and surgeons who already 
had long had their Royal Colleges—in Britain. The problems in organizing a characteristi- 
cally independent and individualistic profession are evident from this account. The desira- 
bility, indeed necessity, of such organization is also evident in the improvements in the 
practice of medicine it made possible, as described by the author. 

The many controversies with Thomas Wakley, founder and editor of the Lancet, make 
interesting reading. Controversies over irregular practitioners—hydrotherapists, homeo- 
paths, mesmerists, etc.—occupied considerable discussion. Hastings came in contact with 
the leading figures in the practice of medicine in Britain in the first half of the last century. 
However, only a few of them, possibly Thomas Laycock of Leeds, John Forbes and Joseph 
Hodgson of London, and John Hughes Bennett of Edinburgh, will be known to any except 
those who have made an intensive study of this segment of medical history. The illustrations, 
mainly portraits, are numerous and excellent. 

Possibly the most interesting and instructive portion is that describing Hastings’ medical 
education and early practice. Later parts of the book are often heavy reading. The reader 
becomes mired in the details of medical politics. 

A bibliography of Hastings’ writings and a long general bibliography join with the detailed 
and careful text in making the biography a valuable contribution to the serious medical his- 
toriography of the period spanned by Hastings’ life. 

Victor A. McKusick 


Anesthesia for Infants and Children. By Ropert M. Smiru. 418 pp., $12.00. The C. V. 
Mosby Co., St. Louis, Mo. 

As pediatrics has evolved into a specialized medical field, pediatric anesthesia has become 

practically a specialty within the scope of anesthesiology. Except in hospitals specifically 
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for children, the average anesthesiologist does not get enough personal experience in anes. 
thetizing small children to feel completely comfortable. There have been several previous 
monographs on anesthesia in infants and children, but none with such complete coverage as 
Dr. Smith’s latest contribution. 

The book is given over completely to the clinical aspects of the subject. It should be, in 
no wise, considered a straight recipe-type instruction book, but rather an excellent discussion 
of techniques and agents as they are particularly important to the infant and child. It also 
covers the general aspects of medical care for the youngster being prepared for surgery as 
well as postoperatively. The chapter on fluid therapy and blood replacement is especially ex- 
cellent. This book should be a welcome addition to the anesthesiologist’s library. 

DoNnALD W. BENson 


The Physiology of the Newborn Infant, 3rd edition. By CLEMENT A. Situ. 497 pp., $12.50. 
Charles C Thomas, Springfield, Ill. 

This edition as its predecessors in 1945 and 1951 contains comprehensive discussions of 
the various organ systems of the newborn based on the accumulated literature as it has 
grown and modified previous concepts. 

The author has expanded all of his chapters to include new literature, so that the bibli- 
ography consists of 1,355 references. The chapters on the organ systems are divided into dis- 
cussions of the basic physiologic data and summated by their clinical pertinence. 

The author points out where more data are needed and the limitations of our present in- 
formation. 

The book is extremely useful to pediatricians responsible for newborn infants, as well as 
those interested in newborn physiology. 

This reviewer found Dr. Smith’s discussions on controversial viewpoints scrupulously ob- 
jective. 

G. B. ODELL 


Navy Surgeon. An Autobiography. By Rear ApmiraL LAmMont PucGu. 459 pp., $5.00. J. B. 
Lippincott Co., Philadelphia, Pa. 

The memories of a career officer in the Medical Corps of the United States Navy are many 
and varied, particularly when one has risen to the position of Surgeon General of that serv- 
ice. Admiral Pugh, now retired, recounts in his autobiography a remarkable series of travels 
and experiences encompassing the period from his boyhood to his retirement from active 
duty in 1956. 

Much of the book reads like a travelogue. In the course of his duties Admiral Pugh literally 
travelled the world over and in his book he describes his impressions of the South Pacific, 
Europe, Asia, Africa and many other areas. 

His intimate knowledge of the role of the Medical Corps in World War II and of the ad- 
ministration of this branch as Surgeon General have resulted in chapters of particular in- 
terest. The record of the life and travels of a physician in Naval Service is in itself an account 
not often available to the reader. If there be criticism of this book, it is that these aspects 
are often too briefly described while too much attention is frequently given to minute per- 
sonal items which are of little interest to the reader and contribute little to the narrative. 

The book should be of particular interest to those who are presently, or have been in the 
past, members of the Medical Corps of the U. S. Navy. 


James R. CANTRELL 


Glaucoma. Transactions of the Third Conference, Jan. 1958. Edited by Frank W. NEWELL. 
272 pp., $5.25. The Josiah Macy, Jr. Foundation Publications, New York, N. Y. 
This 260 page volume covers the third conference on glaucoma sponsored by the Josiah 
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Macy, Jr. Foundation. There were twenty members of the panel with four guest speakers. 


Included were a chemist, pharmacologist, pathologist, physiologist, internist and psychi- 
atrist. The ophthalmologists had varied research and clinical orientations. 

This conference gave an excellent detailed treatment of tonography. In tonography the 
amount of fluid expressed from the eye at an artificially high intraocular pressure is used to 
estimate the resistance to outflow and formation of aqueous. 

There is a section on the osmotic gradients between aqueous and plasma, normally and 
alter administration of various agents, such as acetazolamide. Electron micoscopic changes 
in the ciliary epithelium produced by acetazolamide, and the changes produced in cerebro- 
ginal fluid physiology by acetazolamide were considered 

The evidence for baroreceptors in the eye, the behavior of the afferent nerves from the 
eye and the actions of various blocking techniques on the consensual response were covered. 
The consensual response is the effect on an eye when the contralateral eye is subjected to 
external pressure. In this response the intraocular pressure drops without a change in 
outflow resistance. The exact influence of these nerve pathways is not yet understood, 
especially in glaucoma. 

Any one interested in aqueous physiology or the clinical evaluation of tonography will 
find this book valuable and informative. There is a direction and continuity to this discus- 
sion which I would not have expected from such a large panel 

CARTERET LAWRENCE 


Wound Healing and Tissue Repair. Edited by W. Braprorp PAtTerson. A report from 
The Developmental Biology Conference Series, 1956. 83 pp., $2.75. The University 
of Chicago Press, Chicago, Ill. 

This volume records the proceedings of the Conference on Wound Healing and Tissue 
Repair held as a part of the Developmental Biology Conference Series in 1956. This series, 
which consisted of 10 coordinated conferences organized under the sponsorship of the 
Biology Council of the Division of Biology and Agriculture, National Academy of Sciences 
National Research Council attempted to bring a multidisciplinary approach to bear upon 
the basic problems of development and growth. In the past, various aspects of these prob- 
lems have been studied in each of many scientific fields. By bringing together experts from 
these various fields, each of whom might contribute his own approach and knowledge to 
the general problem, it was hoped that a re-orientation might result and that perhaps basic 
trends might be discovered pervading previously unassociated observations. The conferences 
were not intended simply to add new knowledge to the existing bulk of information but 
rather to synthetize, clarify and orient the current knowledge and to define the remaining 
problems. 

In the 83 page book are 7 chapters considering the Biological Aspects of Healing, Cellular 
Components of the Wound, Ground Substance, Wound Healing and Sulfur Metabolism, 
Systemic Factors Acting Upon the Healing Wound, Healing of Bone, and Abnormal Healing. 
Individuals who have contributed to these fields have presented material which they con- 
sidered of critical import to the definition and elucidation of the basic problems involved. 
[t is impossible in this review to list the many contributors but they are without exception 
men of stature in their fields. The material which they present is both excellent and timely. 
One of the features of great interest will be the bibliography of critical writings on this 
subject. 

The material is for the most part eminently readable and, as organized by the reporter 
and editor, Dr. W. Bradford Patterson, preserves the spontaneity of the conference atmos- 
phere. Sufficient illustrations are included to document the material presented in the text. 
Print and paper are excellent. 
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It is obvious that such a conference cannot conceivably cover every aspect of a topic sp 
diverse in its ramifications. Yet, the material presented does indeed cover the essential 
elements of the subject and the baseline knowledge upon which our current concepts are 
founded and upon which further study may be projected. This material should be helpful 
to those already working within this sphere of interest by virtue of its broad perspective 
and, furthermore, should be valuable as background material to those who subsequently 
develop an interest in this general topic or in any of its special aspects. In my opinion, 
the conference succeeded in achieving its original and important objectives. This record 
of the proceedings should find a warm reception in many areas of scientific interest. 

James R. CANTRELL 


Urology in Outline. By T. L. CHAPMAN. 176 pp. $6.75. E. & S. Livingstone, Edinburgh & 
London. The Williams & Wilkins Co., Baltimore, Md., exclusive U. S. agents. 

“Urology in Outline” has been used for many years for teaching medical students in the 
Victoria Infirmary, Glasgow, Scotland. Dr. Chapman has done an admirable job in pre. 
senting simple sketches or diagrams illustrating the common disease processes in urology 
and the general plan of diagnosis and treatment. On controversial issues, both sides have 
been presented without bias. The text is brief but gives one a very good elementary knowl- 
ledge of the subject. The sketches of operations are not detailed but illustrate the main 
steps. The entire field of urology is adequately covered for an outline of the subject. The 
diagrams on acid-base balance are worth many words of explanation. 

For the general practitioner, general surgeon, medical student or any one wanting an 
elementary course in urology, this book is recommended. Even a specialist in urology could 
find it valuable to refresh his memory on hematuria, or other aspects of the subject, by 
looking at the diagrams. For the purpose for which it was written, I think it was labor well 
worth while. 

Howarp C. SMITH 


BOOKS RECEIVED FOR REVIEW 


The Acute Medical Syndromes and Emergencies. By ALBERT S. HyMAN with the col- 
laboration of SAMUEL WeEIss, GEORGE G. ORNSTEIN, Howarp F. Root, ANNA RvUTH 
SPIEGELMAN AND JACK ABry. 442 pp., $8.75. Landsberger Medical Books, New York, 
N. Y. 

Atlas of Roentgenographic Positions in Two Volumes, 2nd edition. By VinITA MERRILL. 
772 pp., $32.50. The C. V. Mosby Co., St. Louis, Mo. 

Biophysical Science. A Study Program. Edited by J. L. ONcLEY. 695 pp., $6.50. John 
Wiley & Sons, Inc., New York, N. Y. 
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AUDITORY AREAS I, II AND Ep: COCHLEAR REPRESENTATION, 
AFFERENT PATHS AND INTERCONNECTIONS! 


C. B. B. DOWNMAN;?? C. N. WOOLSEY? anp R. A. LENDE* 
Laboratory of Neurophysiology, Department of Physiology, University of Wisconsin Medical 
School, Madison, Wis. 


Received for publication September 10, 1959 


The prime purpose of this investigation was to determine whether auditory 
area II (AIT) can be activated independently of auditory area I (AI) (18, 19). 
Bremer (2) has summarized his evidence that activation of AII is dependent 
upon Al. He found that click responses in AII have higher threshold, longer 
and more variable latency, smaller voltage, slower onset and decay, different 
sensitivity to local application of strychnine and are monophasic to unipolar 
recording. Bremer reported that destruction or temporary depression of AI, 
or a superficial cut between AI and AII, abolishes click responses in All. Ades 
(1) previously had found that strychnine applied to a “primary” area of click 
response caused spread of response to a “secondary” area in the posterior 
ectosylvian gyrus. Removing the primary area, or putting a shallow cut 
between the two areas, abolished the responses of the secondary area. We 
have repeated some of these observations and excision experiments; the latter 
give a critical test of interdependence. In the present experiments, mapping of 
the auditory areas is based on cortical potentials evoked by direct electrical 
stimulation of cochlear nerve fibers. Observations bearing on interrelationships 
of AI, and AII and Ep are also reported.*® 


METHODS 


Cats were anesthetized with an initial intraperitoneal dose of pentobarbital-sodium (40 
mg./kg.). A steady level of anesthesia was achieved with small additional doses given at 
times and in amounts necessary to maintain relatively constant the slope of a graph showing 
accumulated dosage versus time. This slope was found empirically in the early stages of 


' Supported in part by Grant B-35, NINDB, and by the Research Committee of the 
University of Wisconsin out of funds provided by the Wisconsin Alumni Research Founda- 
tion. 

?On study-leave from St. Thomas’s Hospital, London, England, March—June, 1953. 
Present address: Department of Physiology, Royal Free Hospital School of Medicine, 
Hunter Street, London, England. 

* Formerly Associate Professor of Physiology, The Johns Hopkins University School of 
Medicine. 


‘Present address: Department of Surgery, Medical School, University of Colorado, 
Denver, Colorado. 

°A preliminary summary of the findings has been published elsewhere (4). The study 
also was presented at the Minneapolis meeting of the Central Electroencephalographic 
Society in May, 1953. 
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each experiment by determining the rate of administration of anesthetic required to keep 
spontaneous cortical electrical activity to a minimum. 

The ventrolateral aspect of the bony spiral lamina of the right cochlea was exposed in al] 

ts turns, as described by Woolsey and Walzl (19). Bared nerve fibers at the edge of the 
spiral lamina were stimulated by single electrical pulses delivered from a square-wave stimu- 
lator through a General Radio isolation transformer by means of two fine, varnished ni- 
chrome wires, fixed side-by-side with their tips approximately 0.3 mm. apart. Similar elec- 
trodes, with tip separation of 1.0 to 1.5 mm., were brought into contact with the exposed 
cortical surface for delivery of electrical stimuli in working out corticocortical relations. The 
chosen cochlear sites were (1) as near as possible to the beginning of the basal turn, (2) 
in the middle of the second turn and (3) at the end of the apical turn. The auditory region 
of the left cerebrum was exposed by wide removal of the overlying cranium. Subarachnoidal 
bleeding from veins passing through the dura to diploic vessels was prevented by careful 
coagulation, between dura and arachnoid, with an electrosurgical unit. 

Evoked potentials were recorded, through a stainless steel wire electrode touching the 
exposed pia mater, with a condenser-coupled differential-input amplifier; the “indifferent” 
electrode was clipped to nearby inactive tissue of the scalp. The brain surface was explored 
in one mm. coordinates as the cochlea was stimulated at intervals of one second or longer. 
For each cortical recording site three or more stimulations were required for obtaining the 
necessary records. The final procedure adopted was to determine in advance the cortical 
sites to be examined and then to take three photographs of the response elicited at each 
site. As compared with deciding for each point when a “typical” response had been recorded, 
this speeded up data collection and yielded adequate, internally consistent, potential plots. 
Consistency was enhanced by selecting the largest response obtained at each recording site. 
Similar technique was used in plotting corticocortical relations. 

The potential plots shown in the illustrations were obtained by mounting the photographs 
of the evoked potentials, as recorded directly on 35 mm. paper, on an enlarged orthopro- 


jected chart of the brain surface, so that each record appears in position corresponding to its 
place of origin on the cortex. Positive-going potentials at the active electrode are recorded 
as upward deflections. 


RESULTS 
A. Projection of the Cochlear Nerve to the Cerebral Cortex 

To provide a basis for analysis of connections to the various subdivisions of 
the auditory region and of the interconnections between them, cortical response 
areas to focal electrical stimulation of cochlear nerve fibers were defined in 
each animal studied, as illustrated in Figures 1, 2, 3 and 6. The results generally 
confirm the distribution of centers of activity as described by Woolsey and 
Walzl (19), for which the terms auditory areas I and II (AI and AII) were 
proposed (Woolsey and Fairman, 18). However, in some animals (Fig. 1b and 
c) two centers of response to basal coil stimulation were evident in the vicinity 
of the posterior ectosylvian sulcus and in others the AIlI response area was 
situated entirely ahead of this sulcus (Fig. 1a). 

Moreover, it may be necessary to recognize that the rest of AIlI (in anterior 
ectosylvian and middle sylvian gyri) may not be a single response system 
either. The data illustrated in Figure 6, lower right, indicate that electrical 
stimulation of the apex of the cochlea may evoke responses not only near the 
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Fic. 1. Cochlear projection to AI, AII-Ep. Four maps of potential changes evoked in 
auditory cortex by focal electrical stimulation of cochlear nerve fibers 2 mm. from basal 
end of osseous spiral lamina. Corpus callosum sectioned in a. Stimulation stronger in d. 
Upward deflections indicate surface-positivity. Time signals in b and d 60 cycles per second. 


upper end of the posterior ectosylvian sulcus (AI) and in the anterior ecto- 
sylvian and middle sylvian gyri (AII), as reported previously (19), but that 
the responses in the anterior ectosylvian focus may be separated from the 
middle ectosylvian focus by a zone of minimal responses. This was illustrated 
in Figure 7b, of Woolsey and Walzl, but it was thought to be due to attenua- 
tion of responses by subarachnoid fluid in the anterior ectosylvian sulcus. This 
cannot be the reason in the present experiment. In the middle ectosylvian 
portion of AII the responses to apical stimulation are focalized rostral to 
those evoked by stimulation of the basal end of the cochlea in all cases, although 
there is some overlap. Thus the sequence in AII as originally described (19) 
still holds. In spite of these indications that AII probably is not a single 
functional area, we shall for the present, continue to use the original termi- 
nology and speak of AII or of AII-Ep.* 

*For a reinterpretation of cortical auditory response mechanisms see Woolsey, C. N.: 
Organization of cortical auditory system: a review and a synthesis, in: Rasmussen, G. L., 
(Ed.), Neural Mechanisms of the Auditory and Vestibular Systems, (1960), C. C Thomas. 
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In many respects the physiological properties of responses in middle AlJ 
and Ep are similar and contrast with those of AI. Their activity is more 
dependent upon depth and duration of anesthesia than is that of AI. Usually 
good responses in AII-Ep appeared after 8 hours or more of deep anesthesia, 
while those in Al were present from the beginning. The responses were often 
smaller in size than Al responses, but in many mappings equal voltages were 
recorded at the centers of maximal activity. In one respect they differed; 
latency was longer in Ep than in middle AII, and longer in middle AII than 
in anterior ectosylvian AII. Once AII-Ep activity had appeared, the responses 
were repeatable for many hours, provided a steady level of anesthesia was 
maintained. Deepening the anesthesia, however, reduced or abolished the 
responses with little effect upon AI activity. With a suitable depth of anes- 
thesia, or strength of stimulus, an inactive zone of cortex separated the dorsal 
(AI) and the ventral (AII-Ep) response fields (Fig. 1a, b, and c; Fig. 3); with 
lighter anesthesia, (Fig. 2a) or stronger stimulus, (Fig. 1d) the two areas 
merged. All-Ep responses were obtained at higher stimulation thresholds than 
were Al responses and they had longer latency, approximately twice that of 
Al responses. It must be emphasized that our maps have been made at a 
depth of anesthesia which permitted little spontaneous activity. The potentials 
evoked were generally of the initially surface-positive variety (see Fig. 2a, 
however) with absence or variable development of initial and succeeding 
surface-negative components and of the negativity often seen surrounding a 
focus of positive potentials in lightly anesthetized cats. 


B. Effects on AII-Ep Responses of Removing AI 





In 3 cats, after mapping the cortical areas responding to stimulation of the 
basal end of the cochlea, the AI response area was removed by subpial suction, 
using a fine glass pipette. This removed the grey matter and in 2 of the animals 
a good deal of the underlying white matter. For about 20 minutes after opera- 
tion, no evoked activity could be recorded in any part of the remaining auditory 
region. Then the potentials returned, and within an hour basal AII-Ep activity 
was essentially as large as before (Fig. 2b). The only change was loss of an 
initial negativity which had been prominent in this animal before the cortical 
excision. However, loss of this negativity is not considered to be related 
specifically to the ablation, since in no other animal of the series was such a 
negativity present, although negativity of this kind is commonly seen in more 
lightly anesthetized preparations. 

In one cat all the cortex of AI, as estimated from previous experience in 
many such mappings (19; also the present series), was removed aseptically by 
subpial suction. Thirty-nine days were allowed for degeneration of the thalamic 
projection nuclei (13), and then at an acute experiment, cortical mapping was 
carried out by stimulating the basal, middle and apical turns of the cochlea. 
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Fic. 2. Persistence of AII-Ep activity after removal of Al. a. Potential map resulting 
from electrical stimulation of nerve fibers 3 mm. from basal end of cochlea. Note two foci 
of positive deflections and marked, widespread initial negativity. Responses in Ep to nerve 
stimulation and to click compared at right. b. Responses in AII-Ep after acute removal of 
response area in AI; responses to nerve stimulation and click compared at right. c, d, and e. 
Areas responding to electrical stimulation of nerve fibers in apex, second turn and base of 
cochlea 39 days after removal of AI. Insert in d shows tactile responses recorded at sites 
marked by dots in anterior ectosylvian gyrus on stimulation of hind paw. 
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Responses were still obtained in AIT and the locus of response in the middle 
and posterior ectosylvian parts of the area varied according to the site stimy- 
lated in the cochlea (Fig. 2c, d and e). In addition, an area of response, which 
remained essentially constant for all three cochlear stimulation sites, was 
found surrounding the anterior descending limb of the suprasylvian sulcus, 
This is a region found by Walzl and Mountcastle (16) and by Kempinsky (6) 
to respond to vestibular nerve stimulation and it is possible that stimulus § 
spread to the vestibular system was responsible for the responses in this area 
in the present experiment. Such a result was not characteristic of other animals 
studied. 

The results of these 4 experiments demonstrate that occurrence of responses 
in AIT and lower Ep to electrical stimulation of the cochlear nerve need not 
be due to prior activation of AI of the same hemisphere. Further, they indicate 
that activation of AII is not due to collaterals of thalamic neurons projecting 
primarily to AI, since the AII responses remain after chronic removal of Al, 
at a time when the thalamocortical neurons should have degenerated com- § 
pletely (13). That there are other possible thalamic origins for fibers to All f 
and Ep than the portion of pars principalis projecting upon AI has been 
discussed elsewhere (14). 


C. Responses in AI and AII after Section of the Corpus Callosum 


In 2 cats the response areas in AI and AIT to basal coil stimulation were 
defined and the corpus callosum was completely sectioned, using a fine glass 
sucker. (These experiments were done at St. Thomas’s Hospital, in London, f 
by Downman and Lende in 1954.) In order to make the approach easier, the [ 
cranial vault had been widely removed earlier, destroying the sagittal sinus. [ 
In one cat it was confirmed that activity returned to both cortical'areas, but | 
a detailed map was not plotted. In the second cat the active areas were replotted 
(Fig. 1a). It is concluded that AII responses are not dependent upon activity | 
conducted from the other hemisphere via the corpus callosum. 


D. Interconnections Within the Auditory Region 


Existence of subcortical connections to AII and Ep independent of AI does § 
not exclude corticocortical connections between these subdivisions of the | 
auditory region. A further endeavor of our experiments, then, was to attempt ff 
to determine whether there are preferential connections between the two of 
more regions of cortex activated by stimulating any one cochlear site, which | 
could underlie the type of corticocortical activation reported by Ades (1) and 
by Bremer (2). 

In Figure 3 are shown three potential plots. The first (upper left) shows § 
two areas responsive to electrical stimulation of cochlear nerve fibers in the 5 
bony spiral 3 mm. from the basal end, one in AI and a second in lower AII-Ep. 
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Fic. 3. Upper left: surface-positive responses in AI and Ep to electrical stimulation of 
cochlear nerve 3 mm. from basal end of cochlea; upper right: surface-positive responses 
elicited in Ep by electrical stimulation at center of response area in AI; lower right: surface- 
negative responses in AI and upper Ep to electrical stimulation of response focus in lower 
Ep. 


In the second plot (upper right) the AI focus has been stimulated with single 
electrical shocks and the activity thereby induced has been mapped. In the 
vicinity of the stimulating electrodes there is distortion of the record by the 
shock artifact, but there is also evidence of a surface-negative response best 
seen between the anterior and posterior ectosylvian sulci. The main effect, 
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however, is a family of well developed, initially surface-positive responses, 
occurring in that part of the posterior ectosylvian gyrus which had beep 
activated by cochlear nerve stimulation. The third plot (lower right) shows 
recordings made in AI and in the upper part of Ep, when the lower posterior 
ectosylvian focus was stimulated at the same stimulus strength used in Al. 
Potential changes occur in the AI focus and less prominently in upper Ep. The 
responses in AI, however, are now surface-negative rather than surface-posi- 
tive. Those in upper Ep, are also negative, but have an initial positive com- 
ponent. 


Somewhat similar results are shown in Figures 5, a and b. The response [ 


areas defined by stimulation of the basal end of the cochlea are plotted in 
Figure ic (see also Fig. 6). When the AI focus (Fig. 1c) was stimulated, 


surface-negative responses were recorded within AI, while surface-positive f 
activity was evoked in AII and in Ep (Fig. 5b). When the posterior ectosylvian f 
focus (Fig. 1c) was stimulated, surface-negative potential changes occurred in | 


the AIT focus ahead of the posterior ectosylvian sulcus, in the AI focus and 
in an area just dorsal to the upper end of the posterior ectosylvian sulcus 
(Fig. 5a). This latter focus was not seen in other experiments of this series 
and was not activated in this experiment by cochlear nerve stimulation. 


However, Hind (5) observed responses to high frequency tones in this area 


and in current studies in this laboratory, this region often is responsive to 
high frequency tone pips both with evoked potential and single unit recording 
(Hind and associates, 1959, unpublished). 

Figure 4 illustrates some additional features of the auditory region as defined 
by recording the electrical responses set up by focal cortical electrical stimu- 
lation. When stronger stimuli than those used in the above experiments were 
delivered to the basal focus in AI, two foci of surface-positive response were 
defined in AII-Ep. One of these lies astride the posterior ectosylvian sulcus 
and shows a peaking of activity just behind the sulcus; the second is situated 
higher up the posterior ectosylvian gyrus near the posterior suprasylvian 
sulcus. In addition to these responses, surface-positive potentials were also 
recorded from the whole extent of AI (contrast with Fig. 3b), with a zone of 
minimal response separating AI from AII. It can be seen from inspection of 
the records that the latency of the response just behind the posterior ecto- 
sylvian sulcus, some 12 mm. from the stimulation site (disregarding the sulcus, 
which increases the actual distance), is much shorter than the latency of 
responses in AI, only a few millimeters caudal to the stimulating electrodes. 
These latency differences indicate the existence of a faster conducting pathway 
from AI to AII-Ep than from one point to another within AI. 

The broken arrow from the stimulation symbol in AI (Fig. 4) points to 4 
surface-negative response, which was evoked at this site when the stimulus 
was applied to the lower posterior ectosylvian focus (at stimulation symbol). 
This same stimulus also gave rise to an initially surface-positive diphasic 
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Fic. 4. Responses evoked in AI-AII-Ep by strong electrical stimulation in AI. Arrow 
from stimulus site in AI points to negative response recorded at this site when positive focus 
near posterior ectosylvian sulcus was stimulated. Arrow at right points to response in upper 
Ep to same stimulus. Calibrations at upper right: 50 and 200 uV; 60 cycles per second. 


response in the upper posterior ectosylvian focus (arrow). These results are in 
agreement with those of Figure 3c. 

A summary of the corticocortical connections as defined in these experi- 
ments is shown for cat 53-30 in Figure 5c, for cat 53-23 in Figure 5d, and for 
seven animals, including these two, in Figure Se. 


E. Responses in Anterior Suprasylvian and Anterior Ectosyloian Gyri 


For 12 maps in 9 cats, exploration was carried far enough forward to show 
whether activity was evoked in the anterior suprasylvian and anterior ecto- 
sylvian gyri. In only two instances of basal turn stimulation was there activity 
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Fic. 5a and b. Plots of potentials induced by stimulation of sites marked by stimulus 
symbols. Response maps for cochlear nerve stimulation in this animal shown for base and 
apex in Fig. 6; c and d, summarizing diagrams of demonstrated interconnections in cats 
53-30 and 53-23; e, summary of interconnections in 7 cats (including above two). Large dot 
indicates site of stimulation and arrow points to approximate center of evoked activity. 
Connections from basal AI dotted for visual convenience. 


in these areas (Fig. 2a and e). In 4 mappings of apical turn stimulation, activity 
was seen in the anterior ectosylvian gyrus as expected (Fig. 6, apex; cf. Woolsey 
and Walzl, 19). In the remaining 6 mappings, to basal turn or click stimulation, 
no outstanding focus of activity was seen in these areas of cortex although 
good activity was recorded elsewhere. 
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Fic. 6. Voltage-time sequence map of activity evoked by contralateral basal turn stimula- 
tion. Actual responses shown in potential plot, middle map right column. Response size at 
intervals of 3 msecs. has been expressed as falling within 3 levels of size. These have been 
charted as spots of three arbitrary sizes. Time of each map, taking stimulus artifact as zero, 
is shown in msecs. at lower left of each map. Lower right potential map shows responses to 
apical stimulation in same animal. 
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When activity was seen in anterior ectosylvian or suprasylvian cortex, the 
active area partially overlapped the second somatic sensory area (Fig. 2d), As 
noted above (subsection B), when each turn of the cochlea was stimulated in 
the same cat (Fig. 2c, d, e), the active focus in the anterior suprasylvian and 
ectosylvian gyri did not shift. The results may indicate a further differentia. 
tion of cochlear projection to the cortex or in this cat stimulation may have 
been affecting the vestibular system. 


F. Time-Voltage Maps 


After our experiments were completed, Mickle and Ades (10) published 
maps of cortical auditory responses to click stimulation, in which they showed 
the distribution of surface-negativity and positivity at different times in the 
progress of the response. Lilly and Cherry (7) chose to illustrate “surface 
movement of click responses” as isopotential contour plots with respect to 
time and space. In Figure 6 a similar treatment to that of Mickle and Ades 
has been given to the data of one of our maps of responses to basal coil stimu- 
lation. The voltage of each response was measured at certain intervals after 
the stimulus artifact and expressed as lying between three arbitrary limits. 
These values were then represented by dots of different sizes in a series of 
maps to show the state of the response throughout the auditory region at 
each time interval selected. Three distinct centers of activity are seen lying 
within AI, AII and Ep. Activity in AII began later than in AI and continued 
longer, while activity in Ep began even later and lasted longer still. 

We have found that the size and extent of early surface-negative activity, 
shown in all of Mickle and Ades’ maps was variable and unpredictable. In 
some cases (Fig. 2a) the negative waves were large and widespread, in others 
they were no more than slight dips curtailed by the rising positive phase, while 
in others (Fig. 1a, Fig. 6), no negativity was seen. It is our impression, from 
extensive experience, that at least one factor influencing the occurrence of 
negativity both before and after the surface-positive deflection is the depth of 
anesthesia and that the negative deflections signal activities which are inter- 
fered with by the anesthetic agents. 


DISCUSSION 


This study has confirmed in general the observations of Woolsey and Waldzl 
(19) which led to the identification of two auditory areas (AI and AII). How- 
ever, in some experiments, when stimulating the basal end of the cochlea, it 
has been possible to differentiate two foci of response in the second auditory 
area as this was originally defined. These results suggest the possibility of 
subdividing the posterior portion of AII, into two response areas and thus 
bringing the electrical data into better concordance with the cytoarchitectural 
parcellation of this part of the auditory region (Rose, 12). The depth of the 
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posterior ectosylvian sulcus (6 to 7 mm.) is such that it is possible for one of 
these foci to remain hidden at times in the depths of the sulcus and so the two 
foci may have escaped previous notice. Further experiments, involving cortex 
within the posterior ectosylvian sulcus, will be necessary to establish this 
differentiation firmly, but present results suggest the possibility of achieving a 
better correlation of physiological data with the cytoarchitectural fields de- 
scribed by Rose (12), if we recognize three functional fields, AI, AII and Ep. 

We have demonstrated that areas AII and Ep can be activated in the acute 
or chronic absence of AI and from this we deduce that AII and Ep have afferent 
connections which are independent of the thalamocortical projections to AI. 
The responses occur under deep barbiturate anesthesia without significant 
change in response latencies. This conclusion is not incompatible with the ex- 
istence of corticocortical connections between the various subdivisions of the 
auditory region, which might underlie the observations reported by Ades (1) 
and by Bremer (2) and by Mickle and Ades (10). Our experiments on cortico- 
cortical connections have, in fact, clearly shown that some areas of cortex, 
which are activated by stimulation of a limited portion of the cochlear nerve, 
are rather specifically interrelated. Whether conduction of impulses occurs 
normally in both directions between these areas remains to be established. We 
believe that the surface-positive responses recorded in AIT and lower Ep, on 
electrical stimulation of AI, probably signify orthodromic conduction, just as 
in the case of physiological activation of these areas. The negative responses 
recorded in AI, on electrical stimulation of AII-Ep, probably indicate activity 
occurring at a different depth of cortex, presumably in superficial layers, than 
does the surface-positive response. It is possible that the negative potentials 
are set up by antidromic volleys, although there is no evidence to support this 
suggestion. In fact, responses of the rolandic region to antidromic pyramidal 
tract volleys are initially surface-positive (17). In any case, it seems clear that 
connections exist which permit activation of AII-Ep both directly and trans- 
cortically. Bremer’s original conclusion that responses in AII-Ep are dependent 
upon preceding activation of AI has been modified somewhat in a paper (3) 
written since publication of our preliminary report (4). He and his coworkers 
now find that this region, if strychninized, can be fired by clicks and by elec- 
trical stimulation of the medial geniculate body after removal of AI or following 
cortical incision between AI and AII-Ep. 

An attempt by us to demonstrate specific interconnections between the apical 
focus in caudal AI and the apical focus in anterior ectosylvian AII by electrical 
stimulation and recording was not successful. An earlier unreported effort of 
the same kind by Woolsey and Walz] likewise was unsuccessful. These experi- 
ments suggest that anterior ectosylvian AII is not related to AI in the same 
way that Ep is related to AI. 

Plotting auditory area responses in serial voltage-time maps, after the 
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method of Mickle and Ades (10), shows clearly that the activity in each area 
originates in quite separate foci, even though these may eventually fuse. The 
early and widespread preliminary negative phase of the evoked potential has 
been a less consistent finding in this series than in Mickle and Ades’. In only 
one of our experiments was negativity well developed (Fig. 2a). There is not 
sufficient evidence to explain this, but it should be noted that depth and dura- 
tion of anesthesia may be major differences of experimental conditions. Also, 
whereas Mickle and Ades used a supramaximal click stimulus, we have used 
generally the weakest electrical shock applied directly to cochlear nerve fibers 
which would give localized patches of activity. 

Mickle and Ades (10) deduced from their data, particularly from the effects 
of partial ablation, that the spread of activation through the auditory region 
is a cortical rather than a subcortical phenomenon. Lilly and Cherry (7), on 
the other hand, consider that “the high velocity leading edge [of the click re- 
sponse] is probably due to a preformed afferent figure moving up to cortex from 
below, firing the cortical cells first anteriorly and later posteriorly”. From our 
experiments, it seems clear that anatomical substrata exist which make both 
modes of activation possible. 

The center of activity in the anterior suprasylvian and anterior ectosylvian 
gyri accords with the findings of Mickle and Ades (10) and of Lombroso and 
Merlis (8), using click stimuli, but was less often seen by us. Again anesthesia 
may play a role, as may also the method of stimulation, and in our experi- 
ments the response may have resulted from spread of stimuli to the vestibular 
system. The area concerned is in the “composite sensory projection area” of 
Mickle and Ades (9), to which auditory, vestibular and somatic sensory im- 
pulses were reported to project. This is also the area which Bremer, Bonnet 
and Terzuolo (3) have homologized with Tunturi’s (15) third auditory area of 
the dog. We believe that this is probably an erroneous identification, since 
Tunturi’s third area lies in the face subdivision of the second somatic sensory 


area of the dog (11), while A; of Bremer e¢ al. is at the caudal, not the cephalic, | 


end of the second somatic sensory area of the cat. 

It does not seem profitable to speculate on the possible functional signifi- 
cances of the multiple subdivisions of the cortical auditory region. Careful 
definition of these subdivisions presumably will have significance in guiding 


further experiments and will be of particular importance as background knowl | 


edge against which more detailed studies using microelectrode techniques can 
be conducted with greatest profit. 


SUMMARY 


1. Localized focal electrical stimulation of auditory nerve fibers in the bony 
spiral lamina has been the basis for identifying subareas of the cortical auditory 
region. The original findings (19) with this method in general have been con- 
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firmed, but evidence is offered which suggests that it may be possible to sub- 
divide the second auditory area for the basal end of the cochlea into areas AIT 
and Ep, thus bringing the functional areas in this part of the auditory region 
into better agreement with cortical cytoarchitecture (12). 

2. Activity evoked by cochlear nerve stimulation still occurs in AII-Ep after 
acute or chronic removal of AI, thus indicating that activation of these areas is 
not necessarily dependent on preceding activity in AI, and establishing the 
existence of independent afferent pathways to AII and Ep. 

3. Local direct electrical stimulation of the epicenters of response, defined 
by cochlear nerve stimulation, demonstrates that various subcenters of the 
auditory region are specifically interconnected. Stimulation of AI results in 
well localized surface-positive responses in AII-Ep. Stimulation of AII-Ep re- 
sults in well localized surface-negative responses in AI. The reasons for the 
differences in polarity were not experimentally established. 

4. Cochlear nerve stimulation may sometimes evoke activity in the supra- 
sylvian and adjacent ectosylvian gyri. The locus of response here did not shift 
as the stimulus was moved along the bony spiral. The result may be due to 
vestibular nerve excitation. 

5. Plotting auditory cortical responses as a series of voltage-time maps 
emphasizes the individual sites and courses of action within the auditory region. 

6. Our results indicate that anatomical substrata exist for corticocortical 
spread of activity in the auditory region and for direct thalamocortical activa- 
tion of all parts of the region. 


REFERENCES 


1. Apes, H. W.: A secondary acoustic area in the cerebral cortex of the cat. J. Neurophys- 
iol., 1943, 6: 59. 
. BREMER, F.: Some Problems in Neurophysiology. Athlone Press, London, 1953, ix, pp. 79. 
. BREMER, F., Bonnet, V. Et TeRzvo1o, C.: Etude electrophysiologique des aires audi- 
tives cortical du chat. Arch. internat. Physiol., 1954, 62: 390. 
4. Downman, C. B. B. anp Wootsey, C. N.: Inter-relations within the auditory cortex. 
J. Physiol., 1953, 123: 43. 
. Hunn, J. E.: An electrophysiological determination of tonotopic organization in auditory 
cortex of cat. J. Neurophysiol., 1953, 16: 475. 
6. Kemprnsxy, W. H.: Cortical projection of-vestibular and facial nerves in cat. J. Neuro- 
physiol., 1951, 14: 203. 
. Litty, J. C. anp Cuerry, R. B.: Surface movements of click responses from acoustic 
cerebral cortex of cat: leading and trailing edges of a response figure. J. Neurophysiol., 
17: 521. 
8. Lomproso, C. T. anp Merits, J. K.: Suprasylvian auditory responses in the cat. Elec- 
troencephalog. & Clin. Neurophysiol., 1957, 9: 301. 
9. Mickie, W. A. AND Apes, H. W.: A composite sensory projection area in the cerebral 
cortex of the cat. Am. J. Physiol., 1952, 170: 682. 
10. Mickie, W. A. AND Aves, H. W.: Spread of evoked cortical potentials. J. Neurophysiol., 
1953, 16: 608. 


ww hm 


wn 


~ 





142 DOWNMAN, WOOLSEY AND LENDE 


13. 


14. 


15. 


16. 


17. 


18. 


19, 


. Punto Hamouy, T., Bromttey, R. B. anp Wootsey, C. N.: Somatic afferent areas I and 
II of dog’s cerebral cortex. J. Neurophysiol., 1956, 19: 485. 


- Ross, J. E.: The cellular structure of the auditory region of the cat. J. Comp. Neurol., 


1949, 91: 409. 

Rose, J. E. anp Wootsey, C. N.: The relations of thalamic connections, cellular struc. 
ture and evocable electrical activity in the auditory region of the cat. J. Comp. Neurol, 
1949, 91: 441. 

Rose, J. E. anD Wootsey, C. N.; Cortical connections and functional organization of 
the thalamic auditory system of the cat. In: Hartow, H. F., anp Wootsey, C. N, 
Eds., Biological and Biochemical Bases of Behavior. University of Wisconsin Press, 
Madison, Wis., 1958, xx, pp. 476. 

Tunrturt, A. R.: Further afferent connections to the acoustic cortex of the dog. Am. J. 
Physiol., 1954, 144: 389. 

Watz1, E. M. anp Movntcastte, V. B.: Projection of vestibular nerve to cerebral 
cortex of the cat. Am. J. Physiol., 1949, 159: 595. 

Wootsey, C. N. anp Cane, H.-T.: Activation of the cerebral cortex by antidromic 
volleys in the pyramidal tract. Chap. VIII in: Res. Publ. A. Nerv. & Ment. Dis., 
1948, 27: 146. 

Wootsey, C. N. anp Farman, D.: Contralateral, ipsilateral and bilateral representa- 
tion of cutaneous receptors in somatic areas I and II of the cerebral cortex of pig, 
sheep and other mammals. Surgery, 1946, 19: 684. 

Wootsey, C. N. anp Watz1, E. M.: Topical projection of nerve fibers from local re- 
gions of the cochlea to the cerebral cortex of the cat. Bull. Johns Hopkins Hosp., 
1942, 7i: 315. 








I} 


The 


Resi 
labora 
unders 
therap 
This c 
the ust 
demor 


A 25 
munity 
tiredne 

In A 
ful anc 
Diabet 
to take 
cian’s ¢ 
acute | 
the tin 
were r¢ 
stay tl 
this ad 
tures ¢ 
contro 

Fou 
mitted 
proced 
she no 
contin 
and or 

Dw 
tion o! 
NPH 
nosis ¢ 
contin 


1P; 
?P, 








>urol., 
struc- 
ion of 


-- N, 
Press, 


m. J. 
rebral 


Dis., 
enta- 
t pig, 


al re- 
losp., 





eS. HAT TET: 


oie comemets sis: 


sie 


INSULIN-RESISTANT DIABETIC ACIDOSIS: SUCCESSFUL 
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Resistant diabetes mellitus remains a challenge for both the clinical and 
laboratory investigator. Although recent work in the field has led to a better 
understanding of the complexities involved in its etiology, diagnosis, and 
therapy, many factors governing this syndrome remain poorly understood. 
This case is reported because of the apparent striking improvement following 
the use of adrenocorticoids, and provokes some discussion of the definition and 
demonstration of insulin resistance. 


CASE REPORT 


A 25 year old Negress (NHH #(C58358) was admitted to the Grace New Haven Com- 
munity Hospital for the fourth time on April 12, 1958, with a chief complaint of increasing 
tiredness of three days’ duration. There was no family history of diabetes mellitus. 

In August 1952 she became pregnant and developed preeclampsia. Delivery was unevent- 
ful and subsequent visits to the clinic revealed normal blood pressures and urinalyses. 
Diabetes mellitus was discovered in 1954, and she was instructed by her private physician 
to take insulin but the type, dose and duration of treatment are not known. At her physi- 
cian’s advice, insulin had been discontinued later. In February 1957 she was admitted with 
acute pyelonephritis. She responded well to antibiotics and urine cultures were negative at 
the time of discharge. During this admission only 30 units of insulin (15 NPH and 15 CZI) 
were required during the first 24 hours in the hospital and for the remainder of her hospital 
stay the symptoms of diabetes were controlled by dietary measures alone. Subsequent to 
this admission the patient was followed in the pyelonephritis clinic where several urine cul- 
tures grew E. coli. Following repeated courses of a variety of antibiotics the infection was 
controlled and cultures became sterile. 

Four weeks prior to admission, the patient noted a “boil” on the left hip and was ad- 
mitted to the surgical service where the lesion was incised and drained. Following this 
procedure, the temperature returned to normal and the infection began to subside. However, 
she now required 25 to 30 units of NPH insulin for control of diabetes. The wound showed 
continued improvement and she was discharged nine days after the incision and drainage 
and one week before readmission in diabetic coma. 

During the week before admission, she was followed in the clinic for dressings and regula- 
tion of insulin dosage. Five days prior to admission, several hours after injection of 25 units 
NPH insulin, she noted “generalized swelling” associated with marked pruritus. The diag- 
nosis of angioneurotic edema was made by the clinic observer and she was advised to dis- 
continue insulin and begin prednisone, 10 mg. a day, for four days. At the time insulin was 
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Fic. 1. Clinical course and essential laboratory data in insulin-resistant diabetic acidosis. 
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omitted the urine showed a 4+ sugar reaction (Clinitest®) but was negative for acetone. 
Although she was warned to report all adverse symptoms immediately, she failed to comply 
with this request and developed progressive polyuria, polydypsia and somnolence. Four 


days after cessation of insulin therapy she was brought to the emergency clinic in a stuporous 
condition. 


Physical Examination: The patient was a somnolent Negro female who responded only 
to urgent and repeated questioning. The blood pressure was 120/80, pulse 100 and regular, 
respirations were 26 and Kussmaul in character. Pertinent findings included evidence of 
dehydration and an abscess cavity over the greater trochanter of the left femur. The wound 
was clean with a fresh granulating surface and no pus could be expressed from it. Neuro- 
logical examination was unremarkable save for the depressed state of consciousness. The 
remainder of the physical examination was normal. 


Hospital course: (Fig. 1, Table I) At the time of admission, the patient ap- 
peared to be in moderately severe diabetic acidosis. The history of recent 
“angioneurotic edema” following the administration of NPH insulin raised 
the question as to whether the patient would manifest allergy to crystalline 
insulin. However, an immediate intradermal test dose of five units of crystal- 
line insulin elicited no adverse reaction. 

Therapy with crystalline zinc insulin and intravenous fluids was begun at 
8:00 A.M. and during the first six hours in the hospital the patient received 
a total of 280 units of crystalline insulin subcutaneously. The severe acidosis 
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TABLE I 
Laboratory Data During Course of Insulin Resistant Diabetes 






































Blood Serum a | 
: ~ : : ' | > |Ur. Sugar| Ur. Acet. |Ser. Acet. 
| NPN | Glucose | Na K | CO: | CL | 
| mg. % mEq./L. | | 
1 e 4 | | 5 | | | 
1 43 275 | 127| 6.8} 6.3| 97 25 | | | 
2 | so | a+ | 3+ | 
4 | SO | 
| 5 | | 100 | 4+ | 44+ | 41:4 
| 6 50 | 
| 7 | 824 | 3.7 | | 3+ | 34 | 
eye | Hn Ee ie | | 
9 | 400 | 
11 | | | | so | 34+ | 34 | +1:12 
12 | 50 | 
13 | 678 | 138/4.4| 63/110} 75 | 3+ | 34+ | 41:8 
14 | 75 | 34+ | 34 | 
16 | | | 80 | 4+ | 4+ | 
17 | | 200 | 4+ | 44+ | +1:12 
2 18 | | 400 | 4+ | 44 | 
19 | a} all | | goo | at | ae | tas4 
20* | = | | 1600 | 4+ | 44 | 41:8 
23 | | 800 | 44 44+ +1:2 
24 | 746 | 137 | 5.4 | 14.4 | 112 | 4+ | 44 | 41:2 
25 | 499 | | } | SOO | 4+ | 44 | +1:2 
26t | 499 | | | | | 4+ | 4+ | +1:8 
28 | 470 | | | | 1000 | 4+ | 4+4 | 
30t | 427 | 139 | 3.3 | 23.3 | 800 | 4+ | 44 | 41:1 
33 | 430 | | g00 | 44 | 44 | 44:1 
368 | 306 | S00 | 4+ | 44 | 
37 | 688 | | 4+ | 0 | 
39 412 | 4+ | 0 | O 
41 | | 0 0 0 
3 | 18 | 62 | 
4 <25 | | 
5 | 11 | | = | | | 
6 141 | 
pt ee | | 





* Anaphylactic reaction. 

t Persistent insulin resistance. 

t Steroid Rx instituted. 

§ Hypoglycemic reaction. Blood glucose of 306 obtained after Rx. 


(serum CO, 6.3 mEq./L.) was treated by the administration of 1000 ml. of 
4% molar lactate. At 2:00 P.M., 6 hours after therapy was begun, the serum 
acetone was still positive in 1:4 dilution and a repeat serum CO, determination 
was 3.7 mEq./L. The patient was deeply comatose and it became obvious 
that she had been treated inadequately. 

During the second six-hour period in the hospital, therapeutic efforts were 
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intensified and insulin was administered in increasing amounts, both by the 
intravenous and subcutaneous routes. She also received a total of 311.5 mEq. 
of sodium bicarbonate during this period in an attempt to correct the severe 
acidosis. Potassium chloride was given in anticipation of a shift of glucose into 
cells. By 8:00 P.M., some twelve hours after admission, she had received a 
total of 635 units of crystalline insulin intravenously and subcutaneously with 
no significant improvement. The serum acetone was still positive in dilution of 
1:8. Clinically, she remained stuporous with marked Kussmaul respirations. 
The blood pressure fell to hypotensive levels and dextran was administered in 
an attempt to elevate it. 

By midnight (15 hours after admission), there had been no correction of the 
hyperglycemia and acidosis and no clinical improvement had ensued, despite 
780 units of insulin. Although the severe acidosis could be accounted for, in 
part, by hyperchloremia following vigorous administration of saline, the pres- 
ence of an insulin antagonist seemed the most reasonable explanation for her 
failure to respond to therapy. It was decided, therefore, to administer insulin 
in much larger quantity, all by the intravenous route. Beginning with a dose 
of 200 units of crystalline insulin, it was planned to double the dose every hour 
until some response was noted. In addition, large amounts of sodium bicarbon- 
ate were given in an attempt to correct the acidosis. During the next four hours 
she received 3000 units of crystalline insulin. Because of T wave changes in 
the electrocardiogram, compatible with hypokalemia, 40 mEq. of potassium 
chloride was added to the intravenous infusion at 3:00 A.M. 

At 3:45 A.M.., five to ten minutes after the intravenous administration of 
of 1600 units of crystalline insulin, a fall in the patient’s blood pressure was 
noted. She was seen immediately, and was found to be apneic; the blood pres- 
sure was unobtainable. The pulse, which was 140/min. and regular initially, 
fell abruptly to 80/min. and the heart sounds then faded. Intravenous norepi- 
nephrine was given immediately and positive pressure breathing with oxygen 
was begun. Following external stimulation of the anterior chest, the heart 
sounds returned. One gram of calcium chloride was given rapidly intravenously 
because of the possibility of laryngospasm, although there was no clinical 
evidence that this had occurred. Fortunately, she responded well and within an 
hour was able to breathe without assistance, although norepinephrine was re- 
quired for maintenance of blood pressure. Urine output remained adequate, 
and additional potassium chloride was added to the infusion since hypokalemia 
might have contributed to this episode. A more likely explanation, however, 
was that the hypotension and apnea represented an anaphylactic reaction to 
the massive dose of insulin given immediately preceding it. On the morning of 
the second hospital day respirations were Kussmaul in nature at 24/min., 
vasopressors were still required and she remained stuporous. The serum acetone 
was reported positive in 1:2 dilution. The serum CO, had shown some improve- 
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ment with a rise to 14.4 mEq./L. To that point, she had received a total of 
4590 units of insulin. 

During the morning of the second hospital day she received an additional 
1500 units of insulin. At a time when no glucose was being given by vein, 500 
units of CZI were administered and there was no decrease in the blood sugar 
within 1 hour, levels of 499 mg. per cent being recorded both before and after 
the hormone. This modified insulin tolerance test indicated the persistence of 
insulin resistance. Twenty-eight hours after admission serum acetone was still 
positive in 1:8 dilution and it was decided to use steroids to overcome insulin 
resistance. After several sera were drawn for determination of possible circu- 
lating insulin antagonists, 100 mg. of hydrocortisone was added to the in- 
fusion and an additional 100 mg. of hydrocortisone-hemisuccinate was given 
directly intravenously. She also received 200 mg. of cortisone acetate intra- 
muscularly. Insulin administration was continued through the afternoon, but 
the drug was given at less frequent intervals. By 4:00 P.M., 4 hours after ad- 
ministration of adrenal hormones, she appeared markedly improved, and was 
responsive and oriented. Serum acetone was present only in undiluted serum. 
At 7:30 P.M. she received 500 units of crystalline insulin, by accident, and ten 
minutes later was found unresponsive. She awoke immediately following ad- 
ministration of 60 gms. of dextrose intravenously. Unfortunately, no blood 
sugar was obtained prior to the administration of dextrose. Eight hours after 
the introduction of adrenal corticoids she felt well; the serum was free of ace- 
tone and sugar had disappeared from the urine. 

The remainder of her hospital course was benign. The thigh wound had 
healed almost completely at the time of discharge nineteen days later. X-rays 
of this area showed no evidence of osteomyelitis. Although admission urine 
cultures were negative, bacilluria appeared following catheterization. After a 
ten day course of tetracycline and streptomycin, a repeat urine culture was 
sterile. 

Following the initial bout of acidosis, management of her diabetes presented 
no problem. She required no insulin during the four days after the acute episode, 
but with the appearance of the urinary tract infection, she again needed moder- 
ate amounts of insulin, 90 units being required on one occasion. At the time of 
discharge May 2, 1958, she was taking 10 units of NPH insulin each day with- 
out adverse effects. Hydrocortisone was not administered after the second 
hospital day and only a total of 200 mg. was given. The cortisone acetate was 
tapered gradually over a 4 day period. 

The patient has been followed now for a little over a year. There has been 
no recurrence of acidosis. She continues to take 10 units of NPH insulin. There 
have been recurrent episodes of asymptomatic bacilluria, but in all other re- 
spects she continues to do well. 
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DISCUSSION 


Refractoriness to Insulin. The differential diagnosis of refractoriness to in- 
sulin has been considered by a number of authors (1-8). The majority of causes 
of this syndrome could be ruled out with certainty in the patient under dis- 
cussion ; some must come under closer scrutiny. 

Infection has been implicated as an important reason for resistance to in- 
sulin. While the patient had had an abscess of the thigh incised and drained 
16 days before admission, the lesion was healing well and the wound had a 
clean base with no evidence of acute inflammation. She was afebrile and an 
x-ray failed to reveal osteomyelitis. By the time she was discharged the abscess 
had healed completely. Another focus of infection which came to mind was the 
urinary tract, but culture of the urine at the time of admission revealed no 
growth. 

It has been stated that acidosis per se may inhibit the action of insulin. 
Mackler e¢ al. demonstrated a reduction in the effectiveness of the hormone in 
dogs following the infusion of 4 M. ammonium chloride (7). Our patient did 
have a profound degree of acidosis, but failure of the blood sugar to fall fol- 
lowing the administration of 500 units of insulin at a time when the serum CO, 
had returned toward normal, suggests that acidosis played a relatively minor 
role in perpetuating the insulin-resistant state. 

The part played by circulating adrenocortical steroids in the pathogenesis 
of insulin-resistance remains open to question (5, 7). The patient had received 
small amounts of prednisone for four days preceding admission. In view of 
the small dose employed (10 mg. per day), it seems unlikely that the steroid 
can be implicated in the development of refractoriness to insulin. 

The most plausible explanation for the course of events reported is that the 
development of resistance to insulin was associated with the appearance of an 
‘““{nsulin-neutralizing substance”. The clinical features of this case resemble in 
many respects those of others reported in the literature. Firstly, a history of 
intermittent therapy with insulin is frequently noted in cases of insulin resist- 
ance (9, 10, 12, 16); such was the case here. Secondly, insulin-resistance has 
been related to allergy in a number of instances (3, 9, 17, 19, 20); our patient 
had a definite bout of angioneurotic edema at a time when she was taking no drugs 
other than insulin. Thirdly, episodes of insulin-resistance are often followed by 
prolonged periods during which insulin is not required or during which hypo- 
glycemic reactions are common (3, 9, 21, 22). Both occurred in our patient. 
Finally, ‘“anaphylactoid shock” and “‘collapse” have been described in two 
cases of insulin-resistance following the administration of large doses of the 
hormone (23, 26). The acute episode of hypotension and apnea seen in our pa- 
tient probably represented anaphylactic shock. 

Definition and demonstration of refractoriness to insulin. Based upon work 
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TABLE II 
Effect of Normal and Patient’s Serum (A.R.) on Glucose U ptake of Rat Hemidiaphragm 


———— 





| With rat hemidia- 
With rat hemidia- | phr: plus 1 mil- Insulin Effect, 





—_——- — —_— mg./Gm 
| 
Glucose uptake with 1.0 ml. normal | 
Rai nikhen deseselintciaaie Lwiee.| 4.72.25 | 8.644 .29 | 3.92 + .22 
Glucose uptake with 0.1 ml. normal 
plasma... . . 4.53 + .28 | 9.62 + .25 | 5.09 + .26 
April 12, 1958, before steroids. Glucose t up- 
take with 0.1 ml. A.R.’s plasma....... 8.20 + .48 | 8.17 + .52 | —0.03 + .32 
April 14, 1958, after steroids. Glucose up-| 
take with 0.1 ml. A.R.’s plasma....... 11.73 + .82 | 10.59 + .72 | —1.14 + .52 
September 15, 1958, Glucose uptake with] 
al ARs ple... 5... ees 5.344 .81 | 7.144 .43 | 1.804 .41 
September 15, 1958, Glucose uptake with| 
1.0 ml. of 1/10 dil. A.R.’s plasma. . 5.57 + .07 10.38 + .84 4.81 + .70 
November 14, 1958, Glucose uptake with | 
Sarees Ais ea os i ie | $.22 se .35 8.00 + .58 2.77 + .45 





with depancreatized female dogs, Root estimated the insulin requirement of 
pancreatectomized man at 200 units per day (1). Other authors retained this 
definition and emphasized that in the absence of acidosis, 200 units of the hor- 
mone was capable of sustaining carbohydrate metabolism, (14, 24). Smelo has 
adopted less rigid criteria for the definition of insulin resistance, and has de- 
fined it merely as “hyperglycemia, with or without associated ketosis, resistant 
or hyporesponsive to the action of insulin” (2). From a practical point of view, 
the response of the blood glucose level to insulin seems the most reliable index 
of insulin-resistance (2, 15, 25, 26). Employing a modification of the glucose- 
insulin tolerance test, Lazarus and Volk concluded that the rate of decline of 
the blood sugar was a valid measure of insulin sensitivity (27). The experience 
gained in the case reported here coincides with this idea since the intravenous 
administration of 500 units of insulin failed to lower the blood sugar within 
one hour. Hyporesponsiveness to insulin, therefore, constitutes a feasible 
clinical method of defining insulin-resistance, and application of an “insulin- 
tolerance” test early in the course of a refractory case of diabetic acidosis is 
highly recommended. 

A more elegant definition of insulin-resistance is the demonstration of in- 
sulin antagonists in the circulation at the time of greatest refractoriness to the 
hormone. Such studies were performed in our case, and the results are detailed 
in Table II.* Using the glucose uptake by the unstimulated rat’s hemidia- 
phragm as the assay for insulin antagonism, a high concentration of insulin 


* We are greatly indebted to Dr. James B. Field, National Institute of Arthritis and 
Metabolic Diseases, National Institutes of Health, for the performance of these studies. 
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was present in our patient’s serum. Unfortunately, this probably interfered 
with the binding of insulin added in vitro, making it difficult to draw any con- 
clusions about the presence of an antagonist at the height of acidosis (28, 38), 
When these tests were repeated 5 months later (September 15), at a time when 
diabetes was well-controlled, some degree of antagonism could be demonstrated 
between insulin and the patient’s undiluted plasma. Tenfold dilution of plasma 
resulted in disappearance of the antagonist. 

Actually, failure to find insulin antagonists in resistant cases is not unusual 
(17, 26), and the presence of such a substance still seems to be the best explana- 
tion in our patient. In retrospect, it would have been wise to obtain serum sev- 
eral days after correction of the acidosis after all the exogenous insulin had 
been eliminated. It should be pointed out that most cases in which an antago- 
nist has been demonstrated have followed a more chronic course in which life- 
threatening acidosis was not a problem, and which permitted careful study 
over a more prolonged period (16, 38). 

Use of adrenal hormones. Adrenocorticotrophin and adrenocorticoids have 
been used with varying success in the management of insulin-resistant diabetes. 
Salutory effects following the use of ACTH has been reported by many (4, 15, 
16, 26, 29). Weiger and Colwell, however, noted only a transient decrease in 
insulin requirements following the administration of ACTH (11). Kaye, et al., 
noted the onset of marked glycosuria and hyperglycemia following institution 
of ACTH (13). Loveless and Cann, after no response with ACTH, noted a 
decrease in insulin requirement coincident with the administration of cortisone 
(18). 

The mode of action of ACTH and the adrenal steroids, when successful, is 
not known. Marsh and Haugaard noted that even when insulin resistance had 
been overcome, inactivating substances were still demonstrable by the rat 
hemidiaphragm technique (30). Howard postulated that the adrenal steroids 
might either prevent antigen-antibody combination, or even after this combina- 
tion had occurred exert some action by which insulin could function at the 
cellular level (23). Colwell and Weiger suggested that ACTH may interfere 
with excessive production of gamma globulin (4). 

Experimental work on the effects of ACTH and the adrenocorticoids on 
antibody formation has yielded conflicting results. Germuth noted that these 
hormones were capable of suppressing the Arthus reaction in the rabbit (31). 
The effect was more marked with cortisone than with ACTH. Suppression of 
this cutaneous manifestation of hypersensitivity could be correlated with de- 
creased antibody titers. However, cortisone and ACTH had no effect upon the 
disappearance of circulating antibody in the passively immunized rabbit (32). 
Germuth concluded from these studies that in the rabbit adrenocorticoids act 
by inhibiting formation of antibody. The same findings, but of less striking 
degree, were obtained in the guinea pig (33). These studies have been confirmed 
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by others using various antigens and techniques of antibody detection (34-36). 
Mirick, on the other hand, using pneumococcal polysaccharides as antigens 
was unable to detect in man any suppression of antibody formation with the 
use of ACTH or cortisone (37). 

The successful management of our case of insulin-resistance was in large 
part attributable to the use of adrenocorticoids. In fact, the action of these 
hormones was most dramatic. Several hours prior to the institution of therapy 
with steroids, this patient’s blood sugar had shown no response to the intra- 
venous administration of 500 units of crystalline insulin. Seven hours after 
steroids were given, the patient had a severe insulin reaction which responded 
promptly to the administration of 50 per cent dextrose in water. Her insulin 
requirement thereafter was nil. Following the acute episode, she has continued 
to take 10 units of NPH insulin without incident. 

It might be argued that the patient developed insulin-refractoriness while 
on steroids, and, indeed, it is not clear what role the small dose of prednisone 
which she received for four days prior to admission played. The prednisone 
undoubtedly caused some increment in gluconeogenesis which, combined with 
insulin withdrawal, was deleterious. It is doubtful, however, that this was of 
importance in the development of insulin-resistance. 

It is well-known that in most instances, reduction of insulin-requirements in 
resistant cases of diabetes occur spontaneously. Therefore, caution must be 
exercised in evaluating any form of therapy in this syndrome. On the other 
hand, there is little doubt in the minds of all who attended this patient that 
the use of adrenocorticoids was a life-saving measure. Based upon the assump- 
tion that these hormones may serve to depress antibody formation or in some 
way alter the host’s response to antigen-antibody complexes, their use seems 
rational. In addition, successful management of the insulin-resistant diabetic 
depends upon the saturation or combination of inactivating substances by the 
administration of large amounts of insulin. 


SUMMARY 


A case of insulin-resistant diabetic acidosis, which failed to respond to mas- 
sive doses of insulin is reported. Administration of adrenocortical hormones re- 
sulted in a dramatic therapeutic response. The definition, etiology, laboratory 
and clinical diagnosis, and therapy of this syndrome are discussed briefly. 
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The spectacular increase in our knowledge of the pathological physiology 
of emphysema (1, 2, 3, 4) over the last 20 years has resulted in some improve- 
ment in treatment (5) but understanding of the pathogenesis, prevention and 
the natural course of the disease remains obscure. The present study was 
undertaken to elucidate the late course of the disease and the effectiveness of 
certain forms of therapy. 


MATERIALS AND METHODS 


All patients with pulmonary emphysema who had one or more study in the cardiopul- 
monary laboratory of this hospital' and who subsequently died are included in the series. 
Patients with apparent heart or renal diseases were eliminated. All patients had been hos- 
pitalized because of pulmonary emphysema or its complications, and, therefore, represent 
the late symptomatic stage of the disease. There were 26 patients. 

The basic studies performed on all patients were the determination of arterial blood car- 
bon dioxide and oxygen pressure (6), the arterial blood carbon dioxide content (7), and 
hematocrit. From these data, the pH and buffer base were calculated (8). These studies 
can be performed on any patient no matter what his clinical condition may be. Studies were 
done after at least one half hour’s rest in the postabsorptive state. Patients who were re- 
ceiving intermittent oxygen therapy had been removed from the oxygen tent for at least 
15 minutes. Case 24 had two studies performed while he was receiving high concentrations 
of oxygen. One hundred and twenty-five such studies were done. An average of five studies 
per patient was carried out with ranges from 1 to 18 per patient. In certain patients the 
arterial blood oxyhemoglobin saturation (7), the vital capacity, maximal breathing capacity, 
oxygen consumption and minute ventilation were determined (9). An attempt was made 
to correlate the physiologic studies with the symptoms, clinical course and treatment. 

In addition to the 26 patients who died, several other patients who demonstrate interest- 
ing features have been included. 


RESULTS 
I. The Clinical Course of Symptomatic Pulmonary Emphysema 


There were 23 white men, one negro male, one white and one negro female. 
The average age at death was 61 (range 45 to 76). Ten patients had a history 
of asthma and/or chronic bronchitis starting at an average age of 49 (10 to 62) 
or an average of 12 (6 to 46) years before death. The average age at death of 
these ten patients was 61 (50 to 70). Nearly all these patients described their 

1 Case 22 was managed, studied and autopsied at the Loch Raven Veterans Hospital, 
Baltimore, and is reported with the kind permission of that hospital. 
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“asthma” as occurring in attacks lasting for several days and associated with 
dyspnea, cough, sputum and sometimes fever. These attacks were frequently 
relieved by bronchodilators, but pulmonary infection must have been a fea- 
ture of many attacks. Six of the ten had a clinical and/or bronchographic 
diagnosis of bronchiectasis. 

Cough was present in all patients except one, although it was essentially 
non-productive in eight. 

Most of the patients had been regularly employed throughout most of their 
lives. It was impossible to set the date at which certain patients stopped work. 
In the remainder (22) the majority (16) were forced to stop regular employ- 
ment before the age of 60. Exertional dyspnea was the symptom which pre- 
vented fulltime employment most frequently. Case 17 stopped work because 
of paralysis agitans and is not included in estimating the time of stopping em- 
ployment in relation to time of death. 

Table I shows that patients ceased working an average of 6 (1 to 12) years 












































TABLE I 
Age at Onset of Symptoms and Signs 

| Exer- | 
Case | Patient | A¥6 St |Asthma | Cough |Sputum Stopped) tional \Orthop-) Ankle | Wt, | Date of Death 

| pnea 

} 
1.| CB. |61wM| 0 | 54 | 54 | 56 | 56 | 58 | 58 | 59 | 1-10-56 
2.| CL. | 70WM| 62 | 62 | © | 63 | 62 | 6 | 6 | 6 | 63-56 
3.| JB. |45wM!/ © | 7 | 40 | 43 | 40 | 44 | 45 | 44 | 9854 
4.| JS. | SIWM| 0 | 46 | 46 | 47 | 46 | SO | S51 | S1 | 12656 
5. | C.0. | wm! 54 | 34 | 0 | 56 | 56 | 64 | 6 | O | 1027-55 
6.| LS. |S0cF | 36 | 36 | 0 | — | 43 | 49 | SO | 48 | 4411-55 
7. | w.w. | 58wM| 52 | 52 | 52 | 54 | 54 | 54 | 54 | 58 | 21656 
8. | RD. | 64wM| 0 | 44 | 46 /| 58 | © | © | © | 0 | 22956 
9. | AR. |72WM| 0 | 38 | 0 | — | 6 | 72 | 71 | 68 | 12-19-53 
10. | RL. | 59CM | 0} 0 | O 57 | 57 | 57 | 57 | 3-657 
11. | HH. | 53WM| O | 42 | 48 | 52 | Si | 52 | 52 | 52 | 3-13-57 
12. | CA. | 68WM| 59 | 59 | 59 | 6 | | 6 | 6 | O | 5-1655 
13. | K.P. | SowF | 10 | 10 | 0 | — | 47 | 49 | 49 | O | 3-27-55 
4. | CE. |57WM| 46 | 46 | © | Si | St_| 52 | 52 | 56 | 1-30-56 
15. | J.A. | 59WM| 53 | 53 | 53 | SO | 53 | 55 | 55 | 5S | 2-7-54 
16. | BG. | 66wM| 58 | 58 | 6 | 62 | 6 | 6 | O | 64 | 9-27-56 
17.| GH. |71wWM| 0 | 46 | 46 | 6 | 55 | 70 | 70 | 70 | 445-55 
18. | AA. |61WM| 0 | 56 | 56 | 56 | 56 | © | 6 | 56 | 82-53 
19. | HT. | 76WM| © | SS | 73 | 65 | 65 | 71 | 71 | 74 | 35-57 
2. | 5.0. |sowm| o | 26 | 47 | s1 | sa | 56 | 55 | 56 | 11-15-57 
1. | RK. |o7wM| 0 | 57 | 57 | 55 | 55 | 55 | 67 | 67 | 12-21-57 
2. | Jv. |orwM| oO | St | 57 | 57 | 57 | © | 59 | 61 | 1-157 
23. | JB. |71wM| 0 | 67 | 70 | 6 | 6 | 6 | © | © | 3458 
4. | JH. | 63wM| 0 | 56 | 0 | 57 | 56 | 62 | 62 | 62 | 5-14-58 
25. | FC. |47WM/| 0 | 32 | 32 | 43 | 42 | 46 | 43 | 47 | 4-27-58 
26. | T.W. | 64WM/| 58 | 59 | 59 | 57 | 59 oO} 0)| @ | 1-18-58 
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TABLE II 
Electrocardiogram in Patients with Emphysema 
Initial ECG Final ECG 
ce Mien .. AP.| , Oy aay ‘ AP. IAP. 
% | Time | Height of! 4 p in| Di: | AQRS in | Di. | pTime | Height of |, p in |i: | AQRS |p: 
§ | "Bead? (ASSEN? | ese) | ‘Deemes || Tend? SHEN [Deol | natn | re 
1. | 3yrs. | N 80 | P —90 | A | Odays| N 80 | A 90 | A 
2. | Syrs. | N 90 | P 25 |P | 8mo.| AF. —|—- 95 | P 
3. | Smos.| N | @ ia 145 | A | 3 wk. 3 90; A 145 | A 
4. iwk. | N 85|A | —40| P 
S. 1 wk. A.F. —j|—|-—150\A 
6. | 3yrs. | N 40 | A 50 |P | 2yrs. | N 90 | P 110 | P 
7. | 4mo. | N —30| P 90 | P 
8. | 3yrs. | N 85 | P 160 | A | lyr. | N 85 | P 150 | A 
9. | 2 yrs. 4 60 | P 90 | P| 2 wk. N 90 | P 120 | P 
10. | 2yrs. | N 70 | P 110 |P | 2m. | AF. | —|—] 150/A 
1. | 3wk. | N 80}A | 150| A 
12. | 4 yrs. N 75 A 90 | P | 7 mo. N 90 | P 75 | P 
13. 7 yrs. 3 110 | A 95 P 2 mo. 3 85; A 110 | P 
14. 5 yrs. ALF. _ _ 140 | —/| 9mo. N 85; A 140A 
15. 4 mo. N 85) A 100 | A 
16. | 3mos.| N 70 | P —30 | P 2days| N 70 | P —30 | P 
oF. 4 mo. N OO; A —10/|P 
18. | 5S yrs. N 90 | — 130 | — | 18 mo. N 90, A 120 | P 
19. | 4 yrs. N 50 P 60 | P 7 mo. N 90 | P 90 | P 
20. | 17 yrs. N oo | P 0 |P | 8mo. N 45; P | —140|\A 
21. 8 mo. N SO|A 85 | P 
22. | 6yrs. | N 70 | P 0 |P | ida | AF. oS ae 0|P 
23. 9 mo. N 90; A 150 | P 
24.) 4yrs. | N 90 | A 75 | P| 4mo. | 3 90; A 80 | P 
25. | 3yrs. | N 50 | A —150 | A |16mo. | N 90; A | —150/A 
26. | | | | 2yrs. | N 70) A 35 | Pp 
A = Mean electrical vector 
A = Anterior 
P = Posterior 
A.F. = Auricular fibrillation 
N = Normal 


M.V. = Millivolts. 


before death. Exertional dyspnea appeared about 10 (2 to 16) years prior to 
death, orthopnea 3 (1 to 12), ankle edema 2 (0 to 7) and weight loss 2 (0 to 7) 
years prior to death. Although orthopnea appeared in all patients, it was pres- 
ent for less thana year in 4. Ankle edema did not appear at all in 2 patients and 
was present for less than a year prior to death in 5. Weight loss did not occur 
in 4 patients. 


II. Electrocardiographic Changes in Patients with Severe Emphysema 


Table IT shows the directions of P and QRS vectors at the time of the initial 
and final electrocardiogram. In all tracings the ratio of P wave duration to the 
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4-20-56 
3-6-S2 
Fic. 1. AQRS vectors in case 20. 


Pt segment was normal. The amplitude of P waves was generally normal. The 
direction of AP in the frontal plane tended to be displaced to the right, beyond 
normal limits. 

Between the initial and final electrocardiogram there was a tendency for AP 
to rotate to the right and anteriorly, although occasionally the opposite oc- 
curred. Variability in the height and direction of the AP in tracings taken within 
a few days was noted in several cases. 

Case 20 illustrates what might be considered the classical electrocardio- 
graphic changes associated with the development of right ventricular hyper- 
trophy. Figure 1 shows AQRS plotted during the last 17 years of life. The AQRS 
was initially normal, but with the development of right ventricular hyper- 
trophy, there was a rotation of AQRS to the right and anteriorly to point to- 
ward the hypertrophied right ventricle. During this time, there was no sig- 
nificant change in AP. 

Other records showed AQRS lying rightward between +90 and —90 degrees. 
Many of these records were not taken until late in the course of the disease, 
and it is assumed that the AQRS in these cases had rotated rightward from a 
normal direction. There was a tendency for AQRS direction to be anterior as 
the angle passed 90 degrees and approached —90 degrees. 

In three cases (4, 16 and 17) the AQRS lay between 0 and —90 degrees with 
a posterior direction. A postmortem examination in one (4) showed right ven- 
tricular hypertrophy without coronary artery disease. In cases 4 and 17, there 
was low voltage in the limb leads, but in case 16, the voltage was normal. 

Left axis deviation has been recognized in about ten per cent of cases of 
pulmonary emphysema (10, 11). To explain this finding one must assume that 
the poor electrical conductance of emphysematous lung tissue forces electrical 
spread in a vertical direction. Generally this is downward, accounting for the 
usual inferior direction of AQRS. In some cases there is a superior direction, 
which is accentuated by poor conductance in the horizontal direction, and left 
axis deviation results. 

Occasionally the initial vector force is directed inferiorly and the terminal 
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Terminal .04 


Initial 04 


Fic. 2. Initial and terminal vectors in case 25. 


force superiorly, causing a wide QRS loop with initial and terminal forces in 
opposite directions as in case 25 (Fig. 2). 


III. Complications, Treatment and Autopsy (Table ITT) 


Certain diseases are commonly associated with emphysema. Ten patients 
thought that they had had asthma, although it is possible that they may have 
had chronic bronchitis or repeated lung infections. A clinical diagnosis of 
bronchiectasis was made in ten patients and was confirmed by bronchography 
in six. In one patient (case 1) a bronchographic diagnosis and in another (case 
26) a clinical diagnosis of bronchiectasis was not confirmed at autopsy. 

Inguinal hernias were present in two patients and an umbilical hernia in one: 
This does not appear to be an excessive incidence. When a hernia is present in 
emphysema, however, the continuous coughing tends to make it worse, and, 
when repair is carried out, recurrence is common. 

Gastrointestinal bleeding occurred in three patients. In two (cases 1 and 16), 
the gastrointestinal symptoms occurred prior to respiratory symptoms. Case | 
had an episode of melena one year before the respiratory symptoms. Case 16 
had a perforation of a duodenal ulcer before any respiratory symptoms. Both 
of these patients had massive bleeding while they had respiratory symptoms. 
Cases 16 and 22 died of massive gastrointestinal hemorrhage, the latter without 
previous gastrointestinal symptoms. From this series there is little to suggest 
that the respiratory disease played an etiological role in the ulcer formation. 

It is known that fibrosis associated with sarcoid or with the healing of ex- 
tensive tuberculosis may result in emphysema, but these diseases were not con- 
sidered to be etiologically related to emphysema in the present cases (cases 6, 
22, and 26). 

Ten patients were treated with steroids. In four this treatment seemed to be 
helpful although tarry stools occurred in one patient. 

Pneumoperitoneum was not helpful in the two patients on whom it was per- 
formed. Breathing exercises were of no permanent help in four patients. 

There were thirteen autopsies. Pulmonary emphysema was associated with 
right ventricular hypertrophy in ten. The cause of death in these patients was 
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Complications, Special Treatment and Autopsy Findings 





Case | 
No. | 


wn 


12. 


13. 


15. 


] | ] 
| Pneu- |Breath- | 
Steroids moperi- |ing Ex- 
| 


Complications ] 
\toneum | ercises | 


Autopsy 





Bronchiectasis (bronchogram),, 0 | 0 | O 


inguinal hernia, duodenal | | 
ulcer 
; — | = 0 
| +*| - 
0 0 0 
0 0 0 
Hilar lymphadenopathy. ?| + 0 0 
Sarcoid 
+ 0 0 
Scoliosis 0 0 0 
0 0 0 
0 0 0 
0 0 0 


Bronchiectasis (bronchogram) | 0 0 0 


Bronchiectasis (bronchogram) | 0 0 0 

Bronchiectasis (bronchogram) - 0 0 

Bronchiectasis (clinical diag- | 0 0 0 
nosis). 

Spontaneous pneumothorax.| — 0 0 


Inguinal hernia, perforated 
duodenal ulcer, bronchiecta- 
sis (clinical diagnosis). 
Paralysis agitans, bronchiecta-| 0 0 0 
sis (clinical diagnosis). 
Bronchiectasis (bronchogram).| 0 0 0 





. | Umbilicalhernia,spontaneous| 0 | 0 0 











pneumothorax. 





1. Pulmonary emphysema. 2. Right 
ventricular hypertrophy. 3. Chol- 
elithiasis. 


— 


. Bullous emphysema. 2. Right 
ventricular and right auricular 
hypertrophy. 3. Pulmonary edema. 
Pulmonary emphysema. 2. Right 
ventricular hypertrophy. 3. Pul- 
monary congestion. 

. Pulmonary emphysema. 2. Right 
ventricular hypertrophy. 3. Pul- 
monary congestion. 


— 


= 


— 


. Bullous emphysema. 2. Right 

ventricular hypertrophy. 3. Severe 
pulmonary edema. 4. Tracheo- 
bronchitis. 

1. Pulmonary emphysema. 2. Right 
ventricular hypertrophy. 3. Severe 
pulmonary edema. 4. Multiple 
pulmonary emboli. 5. Marked 
sputum retention. 

1. Pulmonary emphysema. 2. Right 

ventricular hypertrophy. 3. Bron- 

chiectasis, lower lobes. 4. Lobular 
pneumonia, lingula. 


1. Bullous emphysema. 2. Right 
ventricular hypertrophy. 3. Dif- 
fuse bronchiectasis. 4. Emboli, 
left lower lobe. 
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TABLE I1Il—Continued 
| 





Pneu- |Breath- | 


No Complication ‘Steroids moperi- jing Ex- | Autopsy 
. toneum ercises | 





queses | | | 





20. _ 0 - {1 Pulmonary emphysema. Pney- 
| monia right lung.2. Right ven- 
| tricular hypertrophy. 

21. | Chronic sinusitis, severe } — | O | — 1. Bullous emphysema, general. 2. 


| Pneumonia, lower lobes, bilateral. 

3. Cirrhosis, liver. 

22. | Pulmonary tuberculosis, ar-| + 0 0 . Severe pulmonary emphysema. 2. 
| rested 3 years, anginal pain. | Duodenal ulcer, recent, with 
hemorrhage. 

23. | Hereditary deformities of | 0 | 0 0 | 

fingers and toes 


| 


_ 


to 
> 
| 
i) 
| 
-_ 


. Severe pulmonary emphysema. 2. 
| Right ventricular hypertrophy. 3. 
| Bronchopneumonia, general. 4. 
Atrophy thyroid. 

25. | Bronchiectasis (bronchogram),| 0 0 
alcoholism 


ee 
26. | Pulmonary tuberculosis, ar- | 0 | 0 0 | 
| 

A ge A 

} 


+ 


. Bullous emphysema, general. 2. 
|  Healed tuberculosis nodules, both 
| apices. 3. Lobar pneumonia, left 
lower lobe, right middle lobe. 4. 
Atrophy thyroid. 


rested bronchiectasis (clini- 
cal diagnosis), retinitis | 





pigmentosa. 
| 


— Given but not helpful. *Developed tarry stools. -+ Given and helpful. 0 Not used. 





not always clear at autopsy. Pulmonary edema or congestion, bronchopneu- 
monia or pulmonary emboli appeared to be the immediate cause of death in 
nine. Anoxia and carbon dioxide retention must also have been contributory 
to death. In the three cases where right ventricular hypertrophy was not prom- 
inent at autopsy, pneumonia was present in two cases and hemorrhage caused 
death in the third. 


IV. Physiologic Studies 
A. Clinical Status: 


An attempt has been made in Table IV to summarize the overall clinical 
condition, the time before death, the medical regimen and the physiologic 
studies. 

The clinical status at the time of study is summarized. “Stable” means that 
the patient had reached apparent optimal improvement. Usually such patients 
were receiving digitalis, bronchodilators and antibiotics. Some patients reached 
apparent optimal improvement on these medications, but continued to have 
wheezing or orthopnea. Frank hypothyroidism was induced in two patients. A 
diagnosis of bronchopneumonia was frequently made on the basis of fever, 
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diffuse rales in the chest, diffuse X-ray infiltrations and increased dyspnea, 
cyanosis and carbon dioxide retention. It is of interest that in patients in whom 
this diagnosis was made immediately prior to death and who were examined 
postmortem (cases 4, 5, and 24), only one had significant bronchopneumonia, 
although the others had pulmonary congestion. 


B. Medication: 

Patients in heart failure secondary to emphysema were routinely placed on 
digitalis, a low salt diet, and mercurial diuretics usually without ammonium 
chloride. Isuprel was used by nebulizer as the routine bronchodilator, but when 
bronchospasm was severe, intravenous aminophylline and adrenalin in oil 
were frequently used. Aminophylline was also used by mouth and in supposi- 
tories from time to time. Penicillin was used during acute bronchopneumonia, 
frequently supplemented with a broad spectrum antibiotic. Where antibiotics 
were used over long periods of time a broad spectrum antibiotic was used or was 
alternated with penicillin. Sulfonamides were used in some instances. 

Diamox was used sporadically in doses of 250 mg. daily. In general, in this 
dosage there was no dramatic change in blood gases. Even when there was a 
lowering of the carbon dioxide content, apparently caused by Diamox (third 
study, case 17; second study, case 26) the fall in Pco, and rise in Po, was not 
marked. Figure 3 shows the effect of Diamox in a patient not included in the 
charts. There was little effect from 1 gm. given orally on May 20; 250 mg. given 
from May 25 to June 4 did lower the buffer base significantly without effect on 
Poor 

Steroids were generally not used except in acute respiratory acidosis (case 
22). When the disease seemed “stable” on digitalis, antibiotics and bron- 
chodilators, steroids were apparently of little help. 

Oxygen was not used until late and then intermittently. In case 24 the pa- 
tient was in an oxygen tent overnight because of marked dyspnea without 
oxygen. The Po, reached 128 mm. of mercury in the arterial blood. Attempts 
to give intermittent oxygen thereafter probably resulted in severe anoxia, which 
together with the hypercapnia contributed to death. 


C. Pulmonary Function Studies: 


The maximal breathing capacity was usually reduced proportionately far 
more than the vital capacity. Only one (case 12) had a vital capacity that 
approached normal (89 per cent of normal). 

Generally the Poo, varied somewhat while the patient was in a “stable” 
state. It usually remained between 50 and 60 mm. of Hg, occasionally going 
down to normal (cases 19, 20, 25, 26) sometimes for no apparent reason. 

The patients who had relatively low Poo, (cases 21, 22, 26) while in a “stable” 
clinical condition did not show right ventricular hypertrophy at autopsy. 
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Fic. 3. Effect of Diamox on acid base balance. 








Changes in Poo, give an estimation of the state of ventilation at the moment 
of study; the carbon dioxide content is more indicative of the state of ventila- 
tion over a period of several days, since changes in this parameter occur slowly. 
To be sure, metabolic factors may affect the carbon dioxide content, but it 
gives a good indication of the state of ventilation in patients not in metabolic 
acidosis and at a “stable”’ clinical state. 

Since the pH is influenced by the relation of Pco, to carbon dioxide content, 
it will depend mainly on the volume of alveolar ventilation at the time of study. 

Minute ventilation and oxygen consumption were elevated in most patients. 
They were studied in the postabsorptive state in bed early in the morning. The 
increase in ventilation and oxygen consumption was presumably caused by in- 
creased work of breathing, apprehension and dyspnea. 

Cases 25 and 26 were rendered hypothyroid by radioactive iodine. In case 
26 there was some drop in oxygen consumption and minute ventilation, but 
certainly without clinical improvement. 

The hematocrit was frequently normal or low. 

Oxygen tension and saturation tended to vary a good deal even when the 
patient was apparently “stable’’ clinically. During acute bouts of broncho- 
spasm or bronchopneumonia, the tension occasionally fell to extremely low 
levels. 

Several patients had studies performed while in severe acute respiratory 
decompensation associated with pulmonary infection. In case 3, the use of 
phlebotomy, Diamox, intermittent oxygen and a chest respirator brought the 
patient through such an episode, but he continued to have a very low oxgyen 
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tension when in a “‘stable”’ state clinically. There was a recurrence of acute de- 
compensation a month later with death. 

Case 13 never had an extremely high Peo,, but the Po, was extremely low 
during an episode of acute pulmonary decompensation. 

Case 22 had a dramatic response to cortisone when there was sudden de- 
velopment of severe dyspnea at rest. At the time, this episode was thought to 
be a myocardial infarction, but autopsy revealed normal coronary vessels. 

Case 24 demonstrates the danger of excessive oxygen, when no effort is made 
to increase ventilation with intensive bronchodilator drugs or mechanically 
assisted ventilation. 

The majority of studies were done during the apparent “stable” period to 
find out if there was any tendency for the Peo, to rise and the Po, to fall in the 
absence of obvious clinical indications of pneumonia, bronchospasm or heart 
failure. Cases 1, 6, 7, 8, 17, 19, 20, and 24 had studies performed during a 
“stable” state. An average of 5 (3 to 12) studies were performed on these pa- 
tients over an average period of 15 months (4 to 40 months). In cases 1 and 6 
there was a tendency for the Peo, to rise, but in the other 6 cases there was little 
change in Po, and Peo, at the start and finish of the studies. Case 1 was allowed 
to regulate his oxygen intake and had severe bronchospasm. 

It is noteworthy that studies performed during “stable” periods in the same 
patients showed more marked variations in oxygen tension than in Pgo,. 


D. Prognostic Value of Pulmonary Function Studies: 


Except in a general way, one cannot give an accurate prognosis from the 
arterial blood levels of oxygen and carbon dioxide. When a patient has obvious 
emphysema, and is found to have a low arterial blood oxygen tension and 
hypercapnia while in a “stable” clinical state, the chances are good that he 
will die within several years. Death generally results from an acute episode of 
respiratory decompensation associated with infection, bronchospasm or heart 
failure, rather than from slowly progressive hypercapnia or anoxia. 


V. Situations of Special Interest 
A. Metabolic Alkalosis Associated with Respiratory Acidosis: 


Case 20, a patient with known emphysema and respiratory acidosis entered 
the hospital with intestinal obstruction. Figure 4 shows the elevated Cy,,,, the 
low sodium and chloride on admission. Gastric suction was started because 
of intestinal obstruction. On the second and third days a marked metabolic 
alkalosis developed. The change in urine pH from acid to alkaline gave the 
first clue to the metabolic situation. When the metabolic alkalosis was recog- 
nized, three liters of 0.1 N. HCl was given with a rapid return of the electrolyte 
pattern toward normal. Respiratory acidosis, however, persisted when the 
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Fic. 4. Metabolic alkalosis superimposed on respiratory acidosis in case 20. 


alkalosis had been corrected. The intestinal obstruction was relieved without 
surgery. 


B. Cheyne-Stokes Breathing with Respiratory Acidosis: 


Figure 5 shows the presence of respiratory acidosis and severe arterial blood 
oxyhemoglobin unsaturation in a patient with severe emphysema and bron- 
chopneumonia. There was no evidence of heart disease or left ventricular fail- 
ure. Studies performed during apnea and hyperpnea were not significantly 
different. A study performed on September 3rd, when the patient was asympto- 
matic, showed that all values had returned toward normal. 

The studies demonstrate that Cheyne-Stokes breathing can occur in the 
presence of severe respiratory acidosis. 


C. Pneumoperitoneum: 


Figure 6 shows simultaneous pneumotachygram, tidal volume and inter- 
peritoneal pressure in a patient with severe emphysema and a pneumopefi- 
toneum. During inspiration there is a gradual rise in interperitoneal pressure 
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Fic. 5. Acid base balance in a patient with emphysema during periodic breathing and 
after recovery. 


to slightly above 7 cm. of water. At the height of inspiration, this pressure be- 
gins to drop, reaching about 5.5 cm. of water during the latter part of expi- 
ration. Thus diaphragmatic descent is resisted during inspiration, and 
diaphragmatic ascent is not assisted during expiration. It is difficult to see how 
this procedure can be of assistance to emphysematous patients. 


D. Portable Oxygen Equipment: 


We have had available a light weight portable oxygen tank which delivers 
small amounts of oxygen through a face mask. The amount of oxygen avail- 
able is not enough to cause prolonged hypoventilation, and the oxygen is 
turned on only during exertion (12). Although this apparatus is helpful to 
selected patients who can learn to refill it from oxygen sources in their home, it 
has not proved practical for patients who cannot afford a large oxygen tank in 
their home and are unable to return to the hospital for daily refills. 


E. Radioiodine Therapy in Emphysema: 


In a few patients whose pulmonary emphysema did not improve despite all 
of the methods of therapy discussed above and who were incapacitated per- 


* Made by Walter Kidde Co. Ltd., Belvue Road, Northolt, Greenford, Middlesex, Eng- 
land. 








170 DOUGLAS CARROLL 








cmH,0 cc. 
cm 41500 
14 +7 
3 \ Pneumoperitoneal 
i2- J % pressure 41000 
10 ; \ +5 4 800 
Bt] god eS 4 700 
z 6ly¢ {Tidal volume 4 600 
= 4/ Bo 
~ ‘ a, 43 400 
4+ 2 Pneumotachygrom \ 4 200 
. ‘ 3 100 
J Oo po 
Ww 2 KINSPIRATION> EXPIRATION ——> 
-_ — 
4b 
6- 
8b 
10r 
12h 
1Q- 
16- 





wwe 





TIME (SECONDS) 


Fic. 6. Pneumotachygram, tidal volume and pneumoperitoneal pressure in a patient with 
emphysema. 


sistently, it was thought that a beneficial effect might be obtained by decreasing 
the metabolic requirements of the body for oxygen. Subjective and objective 
improvement has been noted in some patients with intractable angina pectoris 
or congestive heart failure rendered hypothyroid by the use of radioactive 
iodine (13). In myxedema, cardiac output, oxygen consumption, arterial oxygen 
saturation and circulation time are decreased below the normal range (14, 15), 
but pulmonary arterial, right auricular and peripheral venous pressures are not 
elevated, and total pulmonary resistance is normal (16). Since many patients 
with pulmonary emphysema develop cor pulmonale and right ventricular heart 
failure, a state of hypothyroidism might reduce the work load of the right side 
of the heart. In 1955 Hurst, Levine and Rich (17) reported a gain in appetite 
and weight and an increase in exercise tolerance in 10 of 28 severely emphy- 
sematous patients treated with radioiodine. No objective evidence of the de- 
velopment of hypothyroidism or of improvement in indices of pulmonary func- 
tion were given. 

In three patients (cases 25, 26 and J. M.) myxedema was slowly induced by 
administration of radioactive iodine (I'*') approximately once per month. Each 
patient was euthyroid initially as judged clinically and by a normal thyroidal 
uptake of a tracer dose of I'* and a normal level of serum protein bound iodine 
(PBI). The amounts of I*' and the time required to produce hypothyroidism 
differed in each patient. Radiation thyroiditis as manifested by tenderness in 
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the region of the thyroid occurred in only one patient; it was of slight degree, 
required no additional medication and disappeared in a few days. The patients 
were assessed by clinical and laboratory tests for evidence of diminishing thy- 
roid function. The patients received no potassium iodide as an expectorant. 
Likewise where the exhibition of mercurial diuretics was necessary, several 
days were allowed to elapse before serum was drawn for a PBI level since the 
presence of mercury leads to falsely low values of serum PBI (18). All three 
patients eventually developed myxedema of sufficient severity to require 30 
mg. desiccated thyroid daily after pulmonary function had been evaluated. 
The patients received bronchodilators, digitalis and diuretics as necessary but 
steroids were not used. As seen in Table IV, there was little change in pulmonary 
function as measured before and after the development of myxedema. In two 
of the patients no clinical improvement in the pulmonary emphysema was 
noted when myxedema supervened, and these two patients subsequently died. 
The third patient was intermittently comatose and confused at about the time 
he became hypothyroid as judged clinically and by the serum PBI. There- 
after he showed dramatic improvement and became able to perform limited 
activity and to be discharged from the hospital. It would be difficult to attribute 
this improvement to the development of myxedema, particularly since there 
was no corresponding elevation of pulmonary function, and other factors than 
pulmonary insufficiency seem to be involved in the confusion and coma. 

Recently, Wilson and Bedell (19) have reported studies on pulmonary func- 
tion in six patients with myxedema. They found values below the predicted 
normal in vital capacity, residual volume, total lung capacity, maximal breath- 
ing capacity and diffusing capacity. From these studies it would appear that, 
in pulmonary emphysema where mechanical pulmonary efficiency is already 
markedly impaired, the induction of myxedema is illogical and may in fact ag- 
gravate the respiratory acidosis. Furthermore, since myxedema may be asso- 
ciated with structural cardiac damage (20) and since cardiac output may be 
lowered out of proportion to the decrease in oxygen consumption (16), reduc- 
tion in cardiac function may outweigh any advantages of reduced general 
body metabolism. 

F. C. (case 25) showed no improvement of any sort with the developement 
of myxedema (P.B.I. was 1.2 ug. per 100 ml. on 6-26-57). Ascites and brawny 
edema of the legs appeared after the patient was clinically hypothyroid. These 
findings were attributed to a combination of right sided heart failure and myx- 
edema. However, the use of 30 mg. (started 4-9-58) of desiccated thyroid did 
not improve the signs or symptoms. 

T. W. (case 26) also had no subjective or objective improvement. Table 
IV shows that there was a slight drop in the oxygen consumption and ventila- 
tion after hypothyroidism had developed (P.B.I. was 1.7 ug. per 100 ml. on 
11-5-56). However, the patient felt worse, and there was no significant fall in 
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carbon dioxide content or Poo, The Po, and arterial blood oxyhemoglobin 
saturation fell. It was felt that the induction of hypothyroidism had not im- 
proved this patient’s exercise tolerance, but had made him quite uncomfortable, 

J. M. (#209346) (not included in the charts) a 52 year old man with severe 
emphysema experienced definite subjective improvement with the develop- 
ment of hypothyroidism, but there was no significant improvement in the acid 
base balance. In view of the absence of objective signs of improvement, it is 
unwarranted to conclude that there has been benefit from the development of 
hypothyroidism. 


DISCUSSION 


To evaluate the treatment of any disease, it is necessary to make a compari- 
son between the natural course of the disease without treatment and the course 
of the disease as modified by the treatment under consideration. In a uni- 
versally fatal disease, such as tuberculous meningitis, there is little difficulty in 
demonstrating the effectiveness of a new drug. When, however, the natural 
course of the disease is variable, when evaluation of progress depends at least 
partially on the patient’s symptoms, where other diseases may be associated 
unexpectedly (as is frequent in older people) and when certain therapeutic 
procedures are of known effectiveness and must be used in conjunction with any 
new treatment, then evaluation of therapy is extremely difficult. In pulmonary 
emphysema, in addition to the above difficulties, the disease may be terminated 
by an acute pneumonia, and the actual cause of death is frequently not clearly 
demonstrable at autopsy. 

In this paper an attempt has been made to use serial clinical and laboratory 
observations to define the late course of severe pulmonary emphysema. To be 
certain that we were dealing with the late course, it was required that the pa- 
tient must have died of emphysema or its complications. 


The Natural Course of Pulmonary Emphysema 


Averaging the findings in the 26 patients who died, the course of the disease 
was as follows: The patient is in good health until about the age of 49 when in 
about 40 per cent there is the onset of chronic bronchitis or asthma coming on in 
attacks which gradually increase in duration and severity. Cough and sputum 
are generally present and are continuous. At about the age of 51 the patient 
develops some exertional dyspnea which increases, forcing discontinuation of 
productive work at the age of 55. Dyspnea gradually increases, and at 58 
orthopnea becomes prominent, followed by right-sided heart failure, weight 
loss and death at an average age of 61. 


Pulmonary Function Tests 


If the patient is studied during the last several years of life, hypercapnia and 
arterial blood oxygen unsaturation are present. If these studies are performed 
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repeatedly when the patient is in optimal cardiac and pulmonary compensa- 
tion, there is little tendency for the hypercapnia to increase or for the arterial 
saturation or tension to fall. It is only during episodes of acute cardiac and 
pulmonary decompensation that there is a marked rise in carbon dioxide and a 
fall in oxygen tensions. 


Acute Pulmonary and Cardiac Decompensation 


Bronchospasm, pulmonary infection or severe right heart failure bring on 
increased airway obstruction, alveolar underventilation, an increase in re- 
spiratory acidosis and a decrease in the arterial oxygen tension. The obstruc- 
tion may be caused by narrowing of the bronchial tubes by edema from infec- 
tion, by bronchospasm or by increased secretion. The exact mechanism of 
bronchial obstruction in right ventricular failure is not clear, and perhaps sub- 
acute right ventricular failure never occurs in emphysematous patients with- 
out some infection, edema or spasm of the bronchioles. 

The fall in oxygen tension results from irregular distribution of inhaled air, 
allowing certain lung areas to be poorly ventilated so that mixed venous blood 
can pass through the lungs without being fully oxygenated. This poor distribu- 
tion of air is caused by blocking and obstruction of bronchioles by edema, 
bronshospasm and infection. Localized changes in lung elasticity owing to areas 
of bronchopenumonia might bring about the same result. 


Death 


Three patients who had relatively little hypercapnia in the “stable” state 
and who had normal electrocardiograms (cases 21, 22 and 26) showed no right 
ventricular hypertrophy at autopsy. These patients died of bronchopneumonia 
(cases 21 and 26) and gastrointestinal hemorrhage (case 22) superimposed on 
pulmonary emphysema. Since these patients had no right ventricular hyper- 
trophy or severe hypercapnia just prior to death, it is logical to predict that 
they would have lived longer, had hemorrhage or bronchopneumonia been pre- 
vented. Thus, acute pulmonary failure superimposed on chronic pulmonary 
disease may be lethal at any time in the course of the disease, but the patient 
becomes increasingly less tolerant to pulmonary infections as the emphysema 
becomes more severe, judged either by clinical standards or pulmonary func- 
tion tests. 


Treatment 


The cases presented seem to demonstrate that hypercapnia and arterial 
blood oxyhemoglobin saturation are only very slowly progressive in the ab- 
sence of acute episodes of cardiac failure and pulmonary infection. Treatment, 
therefore, must be directed toward the prevention of these complications, and 
if they occur, treatment must be early, specific and comprehensive. 





174 DOUGLAS CARROLL 


I. Preventive Measures: 


Bronchospasm, pulmonary infection and heart failure are the three condj- 
tions most likely to cause acute respiratory decompensation. These conditions 
tend to occur together, are difficult to distinguish, and the presence of one tends 
to promote the development of the others. Bronchospasm is most simply treated 
by the nebulizer with Isuprel. Patients occasionally say that they obtain no 
relief from the nebulizer, and, in such cases, one must be certain that it is being 
used correctly. Aminophylline suppositories are frequently helpful, although 
aminophylline by mouth has not been very effective in our patients. 

Steroids are usually not helpful during the “stable” stage of emphysema but 
should be tried when other methods of controlling severe bronchospasm fail. 
There is some evidence that patients with severe emphysema and respiratory 
acidosis tend to develop peptic ulcers, so that these patients must be observed 
meticulously for this complication. Steroids have a definite place in the treat- 
ment of acute respiratory failure. Adrenalin in oil intramuscularly is frequently 
helpful, but is difficult to administer on an out-patient basis. 

Pulmonary infections must be particularly guarded against in patients who 
have emphysema. It is important to make the diagnosis of bronchiectasis, and 
if it is present, postural drainage should be carried out. Despite the fact that 
the prophylactic use of antibiotics in emphysema probably affords little pro- 
tection against infection, their use has not proven harmful. 

Just how right sided heart failure causes alveolar underventilation is not 
clear, but we are convinced that improvement in cardiac compensation im- 
proves alveolar ventilation and the distribution of inspired air. Although 
digitalis had proved merit, the use of a low salt diet and mercurial diuretics 
produces a more dramatic improvement, particularly if edema is present. 
Diamox acts not only as a diuretic, but also produces a metabolic acidosis. If 
Pco, is only slightly elevated, it tends to return to normal under the stimulus 
of the metabolic acidosis produced by Diamox. When hypercapnia is marked, 
Diamox has less effect. 


II. Measures Designed to Supply Extra Oxygen or to Decrease the Need for 
Oxygen: 


The use of portable oxygen equipment to deliver small amounts of oxygen 
at times of peak exertion is a valuable addition to therapy. It may allow ac- 
tivity for patients who are otherwise completely bedfast. It seems unlikely 
that the small amount of oxygen available through such an apparatus will 
cause significant hypoventilation. 

The production of myxedema in patients with severe arterial blood unsatu- 
ration owing to emphysema in an attempt to lessen oxygen needs has not 
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proved helpful in two of our three cases. Not only has exercise tolerance not 
improved, but the symptoms of myxedema have made life miserable for those 
patients and all were placed on thyroid medication. One of these patients has 
done well, and although we are unable to explain why, we do not have any ob- 
jective evidence that the myxedematous state has been the cause of improve- 
ment. 


III. Treatment of Acute Respiratory Insufficiency: 


This subject has been extensively covered in recent literature. Several points 
should be emphasized. If the patient recovers from an episode of acute re- 
spiratory decompensation, his prognosis has not changed greatly from what it 
was prior to the episode. Bronchospasm, infection and cardiac failure are all 
exacerbated during acute respiratory insufficiency, and measures against all 
three conditions are frequently necessary. The use of steroids is helpful. Me- 
chanical respiratory assistors are useful. Tracheotomy is particularly indicated 
where secretions are copious or difficult to expectorate. A tracheotomy may 
simplify the use of mechanical ventilation. During mechanical ventilation, 
oxygen may be given without danger. Where conditions such as renal failure, 
diabetic acidosis or intestinal obstruction are present in patients with respira- 
tory acidosis, complicated electrolyte abnormalities may arise, requiring 
prompt and precise therapy. 


SUMMARY 


Twenty-six patients hospitalized for pulmonary emphysema who had serial 
pulmonary function studies and who died are reported. The inclusion of pa- 
tients who died insures that the group is made up of the most severe cases of 
pulmonary emphysema. Although dyspnea, orthopnea, right-sided heart failure 
and hypercapnia are relatively poor prognostic signs and symptoms, death ap- 
pears to occur at times of acute bronchial infection and uncontrolled heart 
failure. As long as infection and heart failure can be prevented, the patient 
survives. Once these complications supervene, vigorous treatment may allow 
the patient to survive for prolonged periods, but sooner or later, a time comes 
where response to vigorous treatment fails. 

Serial physiologic studies demonstrated moderate variations in function 
studies when the clinical status appeared unchanged. Such variations make an 
evaluation of therapeutic measures very difficult, except in acute respiratory 
acidosis. 

Three patients who had repeated control studies were rendered myxedema- 
tous with radioactive iodine. In two there was no clinical or physiologic meas- 
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urement suggestive of improvement. In the third (who still survives) there was 
definite subjective improvement, but no change in the physiologic studies. 
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INTRODUCTION 


The determination of serum transaminase levels in liver disease has become 
increasingly useful and popular over the past few years. In our laboratory we 
employ heparinized blood for use in determination of blood ammonia levels in 
patients with cirrhosis and other types of liver disease. It would be of practical 
value to be able to use the plasma obtained from the heparinized blood for the 
transaminase determinations rather than needing separate samples of clotted 
blood from which to obtain serum. For this reason we have compared the serum 
and plasma transaminase activities for both the glutamic-oxalacetic and glu- 
tamic-pyruvic enzymes. 


METHODS 


The subjects used were patients with and without liver or heart disease from both the 
in-patient and out-patient services of Baltimore City Hospitals. Blood was drawn from these 
subjects from an antecubital vein. One-half of the blood sample was placed in a dry tube, 
allowed to clot, and the serum later removed; the other half was placed in a tube containing 
dried heparin (0.2 cc. of liquid aqueous heparin containing 10 mg./cc. which had been 
evaporated to dryness in an oven) and immediately mixed by gentle inversion, and the 
plasma later removed. Glutamic-oxalacetic (G-O-T) and glutamic-pyruvate (G-P-T) trans- 
aminase levels were determined colorimetrically using a Coleman Jr. Spectrophotometer 
according to the method of Reitman and Frankel (1). 


RESULTS 


Table I shows the results of 100 determinations on 67 patients of glutamic- 
oxalacetic (G-O-T) transaminase activity in serum and heparinized plasma; 
and of glutamic-pyruvic (G-P-T) transaminase in serum and heparinized 
plasma. There is considerable variation in some cases. The maximum difference 
for G-O-T activity is as noted below. In one case the serum level was greater 
than the plasma level by 90 units, the absolute value being serum: 510 units 
and plasma: 420 units. In another case the plasma level was greater than the 
serum level by 28 units, the absolute values being serum: 112 units and plasma: 
140 units. The maximum differences for G-P-T activity were similar. In one 


1 Supported by Grant No. H-2801, Department of Health, Education and Welfare, U. S. 
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TABLE I 
Serum and Plasma Transaminase Levels 





Glutamic-Oxalacetic | Glutamic-Pyruvic 
Patient Diagnosis _ 





Serum Plasma Serum | Plasma 





Cirrh. 51 42 | si 62 
A.S.H.D. 7 18 | | 47 


L. Cirrh. 67 64 13 
The. 64 50 | 38 
Alch.; | 420 | 155 
Cirrh. 


| 130 | 50 
A.S.H.D. 29 «| 28 
A.S.H.D. 13 10 
a“ 50. | 11 

“ zz 3 
RHD; URI 5S 46 
Alch. 17 
Cirrh. 38 
L. Cirrh. 73 
Alch. 
Cirrh. | 86 
“ | 53 
Alch. : 10 
Cirrh. 
The. 5 
M.I. 32 
L. Cirrh. i 2 
Alch. 
a 19 
«“ 37 
“ 41 
Ht. Dis. 41 
Unk. Etiol. 
Alch. 35 
Cirrh. 








“ 
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A.S.H.D. 
The. 
Alch. 
Cirrh. 
Neurotic 
P. Ulcer 
Alch. 
Tbe. 
Alch. 
Cirrh. 
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| 


Glutamic-Oxalacetic 


Glutamic-Pyruvic 

















Diagnosis 
| Serum Plasma Serum 
| 104 71 41 
C. Cirrh. 67 38 41 
Alch. 112 104 64 
Ca. Lung 67 60 60 
Cirrh. 53 50 37 

. 55 55 38 
S. Hep. 850 810 1380 
A.S.H.D. 64 67 25 
Pos P.C. 71 64 41 
Shunt 
Cirrh. 

" 15 16 39 
Hep. 32 32 41 
Ca. Esoph. 38 38 50 
Healthy 38 38 46 
C. Cirrh. 60 55 32 

3 6 5 9 
Healthy 18 18 17 
D. Ulcer 51 34 25 

= 33 33 13 

‘i 44 44 11 
L. Cirrh. 71 64 19 
Alch. 

Pneumo. 

G. Ulcer 53 53 50 
R.H.D. 50 50 50 
U.R.L. 

G. Ulcer 67 50 41 
S. Hep. 51 51 96 

” 140 140 280 

“ 212 198 410 
Tbe. 47 34 50 
Alch. 

Cirrh. 

as 34 38 55 
Ca. Lung 71 4 60 
Alch. 380 390 350 
L. Cirrh. 

ss 440 360 320 

- 550 500 390 
Cirrh. 64 64 70 

e 122 122 57 
Alch. 32 32 32 
L. Cirrh. 

440 440 103 
C.H.F. 38 42 25 
C. Cirrh. 

5 122 112 57 

Myelog. 45 50 32 











Plasma 
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TABLE I—Continued 





| Glutamic-Oxalacetic 


























Glutamic-Pyruvic 
Patient Diagnosis | 
Serum | Plasma | Serum | Plasma 
| Silke Aree, Ber ict | 
77 AS. Cirrh. 113 | 130 | 76 97 
s | cs. Alch. * 2th ei = fsa 
| Cirrh. | | | 
| TBC. | | 
79 +| MS. The. | oe oe oe 
Cirrh. | | | 
80 “ “ | se | 71 | 4 | 40 
81 VS. CV.A. | a7 | ia | st | @ 
oe | jr D. Ulcer 87 | oigwg) « 
Ss - i - «ae Diabetes ss 8 | 70 | 63 
Mellitus 
“ “ so | so | 100 100 
85 Lv. Alch. 10 oe i @ il 
AW. Hepato. | 79 5 | oO | 63 
87 R.W. Alch. | 55 “4 | 13 12 
88 F.W. S. Hep. 1530 | 150 | 130 150 
9 6| 0 ZW. C.HLF. 34 | 20 | 23 25 
90 «“ «“ 1 | 64 | 15 18 
91 | S.W. Myelo. 56 “4 | 21 19 
Leuk. 
2 | “ “ ,- 64 |: «(ol 11 
93 | " . | 156 | 122 | 48 | 4 
94 | R.W. Pneumo. 20 | 34 COS; 22 | 18.5 
95 H.Z. | Hepatic 410 | 360 | 320 | 280 
| | Coma | 
| | L. Cirrh. | 
9% | LMR. |  Hepta. | 440 | 410 | 480 | 440 
oo). oe | Alch. 2 | 8 | 15.5 13 
} Cirrh. | 
6% | GS. Alch. 29 20 | 1 #+'| 19 
9 | C.R. Ca. Jaw 17 16 19.5 | 14 
100 “ “ 64 55 414 | 41 
Average. he 54 ; 111 105 80 | 76 





case the serum value was greater than the plasma value by 90 units, the abso- 
lute levels being serum: 1380 units and plasma: 1290 units. The plasma value 
was greater than the serum value in another case by 50 units, serum level: 410 
units, plasma level: 460 units. However, in most cases the serum and plasma 
values check fairly closely with each other and when the different variations 
are averaged, it can be seen that there is no significant difference in enzyme 
level between heparinized plasma and serum. 

Table II gives the results of 50 duplicate determinations of both the plasma 
G-O-T and G-P-T. The average difference between duplicates in the G-O-T 
determinations was 6.40 units. On three occasions the duplicates differed by 








TABLE II 


Duplicate Determinations of Plasma G.O. and G.P. Transaminases 

















Glutamic-Oxalacetic Glutamic-Pyruvic 

1 190 | 164 57 50 

2 260 260 390 390 

3 470 500 460 460 

++ 53 53 35 41 

5 47 40 35 32 

6 64 64 37 41 

7 108 108 50 50 

8 135 190 63 63 

9 95 95 44 46 
10 64 64 37 41 
11 50 67 39 39 
12 112 130 63 63 
13 122 127 46 50 
14 100 104 50 50 
15 148 148 57 57 
16 87 87 46 39 
17 108 108 39 39 
18 84 100 67 57 
19 53 47 35 39 
20 55 50 37 37 
21 130 122 53 53 
22 50 50 32 32 
23 55 55 41 41 
24 135 117 63 63 
25 117 117 67 67 
26 44 55 41 37 
27 38 38 28 28 
28 Ab 50 35 41 
29 55 55 37 37 
30 130 130 41 41 
31 84 91 44 44 
32 135 135 41 41 
33 164 164 41 41 
33 164 164 104 104 
34 108 117 37 37 
35 80 87 32 37 
36 50 55 32 28 
37 122 104 57 57 
38 50 50 44 46 
39 67 67 44 44 
40 35 40 37 37 
41 64 50 53 41 
42 47 50 41 44 
43 40 40 37 32 
44 60 60 48 44 
45 ot 64 41 46 
46 117 117 63 63 
47 60 67 41 41 
48 112 104 50 63 
49 55 50 19 19 
50 44 44 30 30 

Awewage.......... 95.2 97.0 60.4 60.4 
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over 25 units, but in most instances the values checked very closely. (Cases 
1, 3 and 8). In the G-P-T duplicate studies the checks were even better. The 
average difference between pairs was only 2.28 units and the maximum differ- 
ence was 13 units, and that in only one set of duplicates. The average values, 
in both the G-O-T and G-P-T duplicate determinations, were not significantly 
different from each other. 


DISCUSSION 


In 1955 Karman, Wroblewsi and Ladue (2) reported methods for the de- 
termination of g!utamic-oxalacetic and glutamic-pyruvic transaminase activity 
employing quantitative paper chromatography. It was stated at this time 
that there was no difference between the serum and plasma. However, only the 
data for the serum transaminase activities were given. Since that time the 
employment of serum for determination of various enzyme levels has become 
accepted practice, so much so that SGOT—i.e. serum glutamic-oxalacetic 
transaminase is the usual abbreviation used for this determination. 

Seigel and Bing (3) employed plasma for the assay of various enzymes in 
man and dog but made no comparison with serum values. A search of the 
literature has revealed no study where a comparison between serum and plasma 
levels of transaminase activity was made (4 to 8). Wroblewski and LaDue (9) 
compared the activity of lactic dehydrogenase in heparinized plasma and 
serum in ten patients, and found a maximum variation of 490 units (830 units/ 
ml. plasma; 340 units/ml. serum) in one subject but there were otherwise no 
significant differences. 

The duplicate determinations on a given preparation (i.e. plasma) checked 
slightly better with each other than simultaneous determinations on plasma 
and serum. This was particularly noticeable in some individual variations be- 
tween plasma and serum. However, the differences of the averages between 
duplicates on the same substrate and the averages of the simultaneous de- 
terminations on serum and plasma did not show any significant variation. The 
activity of G-O-T and G-P-T in whole blood hemolysates is approximately 
ten times that of the serum (or plasma) (2). The reason for occasional dis- 
crepancies between the serum and plasma values could well be due to a slight 
increase in hemolysis of one of the samples. 

It has become widely accepted to use serum for transaminase determinations. 
Because of the paucity of data in the literature indicating that heparinized 
plasma would yield equivalent values to those obtained from serum, this study 
was undertaken. It seems clear from the data obtained that there is no justifica- 
tion for using serum preferentially to plasma, or vice versa. It is apparent that 
whichever preparation is most readily available is equally suitable and will 
yield substantially similar results to the other. 
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SUMMARY AND CONCLUSIONS 


1. One hundred determinations on 67 patients were made on both serum and 
heparinized plasma, comparing the relative glutamic-oxalacetate and glutamic- 
pyruvate transaminase activities. 

2. Although considerable differences between the serum and plasma values 
were seen in a few individual determinations, no overall significant difference 
was found. 

3. The results obtained from serum and heparinized plasma for these trans- 
aminases are comparable and interchangeable. Because of the increasing utili- 
zation of transaminase determinations in clinical medicine, the fact that serum 
and plasma values are equivalent should be re-emphasized. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING OF 
THE JOHNS HOPKINS MEDICAL SOCIETY 


December 14, 1959 


STUDIES OF THE DOCTOR AS A CRUCIAL FACTOR FOR THE PROGNOSIS OF 
SCHIZOPHRENIC PATIENTS 


Joun C. WHITEHORN AND BARBARA J. BETZ 


Studies of transactions between schizophrenic patients and their physicians have had as 
their principal object gaining surer knowledge about the schizophrenic reaction by estab- 
lishing with definite reliability what makes a difference in determining improvement. 

In an initial study, 7 psychiatrists who had averaged an improvement rate of 75 per cent 
in their 48 schizophrenic patients were contrasted with 7 who had a 27 per cent improve- 
ment rate in 52 such patients. For convenience the groups were labeled A and B. Both physi- 
cian groups did equally well with other types of patients. Schizophrenic patients treated by 
both groups were clinically comparable. 

A study of the clinical records of these 100 patients showed that trustful communication 
was highly associated with improvement, and occurred with greater frequency in the ex- 
perience of A than B doctors. It was also found that B doctors tended to be passively per- 
missive, or to interpret and instruct patients. A doctors did little of this, but expressed 
personal attitudes more freely on problems being talked about, and set limits on the kind 
and degree of obnoxious behavior. These findings were cross-validated on another set of 18 
physicians and 109 patients. 

In a follow-up study on these patients 5 or more years after discharge, 70 per cent were 
rated as still improved. 

An effort to find an independent method for discriminating between A and B doctors was 
successful through the use of the Strong Vocational Interest Inventory. A doctors more 
frequently than B doctors (at levels of statistical significance by the Chi Square test) were 
found to have high scores for Lawyer and C.P.A. categories and low scores for the Printer 
and Mathematics and Physical Science Teacher categories. The reverse was the case for the 
B doctors. 

In a predictive validation test, using a new group of 24 psychiatrists and their scores in 
these 4 vocational categories, it was possible to predict A level of therapeutic performance 
with 80 per cent accuracy and B level with 70 per cent accuracy. This result supports the 
idea that the crucial determinants lie in the physician. 

One line of thought from these findings is that the A’s, with interests resembling lawyers, 
have a problem-solving, not a purely regulative or coercive approach. This is acceptable to 
the resentful, boxed-in patient likely to respond to prescriptive pressures by more with- 
drawal, and to mere permissiveness by inertia. The B doctors, with attitudes resembling 
printers—black or white, right or wrong—are likely to view the patient as a wayward 
mind needing correction, an approach likely to alienate him further rather than intrigue 
him into hopeful effort. 

By reason of a basic self-distrust, the schizophrenic patient does not live interdependently 
by give-and-take in personal leadership and in cultural expectations, but avoids involvement 
with others. Physicians whose attitudes tend to expect and respect spontaneity tend to 
evoke self-respectful social participation more effectively than those whose attitudes tend 
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to restrict spontaneity by preference for conventionalized expectations. This appears to be 
the basic difference in attitude between A and B physicians. 


LONG TERM EFFECTS OF SHORT TERM THERAPY 
Jerome D. FRANK 


Fifty-four adult, non-psychotic psychiatric outpatients were treated for about six months 
by either individual psychotherapy one hour a week, group psychotherapy one and one-half 
hours a week, or minimal treatment, less than one-half hour every two weeks. Three psychi- 
atric residents of equivalent training each offered all three treatments, and patients were 
assigned to each therapist and treatment randomly. 

Measurements of diminution of discomfort and decrease in social ineffectiveness were 
made on each patient at the end of six months, six moths later, and one year later (two years 
from the start of treatment), The two types of improvement were not highly correlated, 
indicating that improvement under psychotherapy is not a unitary phenomenon. Discom- 
fort dropped sharply and equally with all three types of treatment, and the drop could be 
reproduced with some of the patients at the third follow-up by a placebo, suggesting that 
relief of discomfort depends largely on the patient’s non-specific expectancy of help. Improve- 
ment in ineffectiveness at the close of treatment was positively related to amount of treat- 
ment contact, being much less for minimal treatment than for either group or individual 
treatment, which produced equal effects. 

During the follow-up period the average level of ineffectiveness of the total treated popu- 
lation continued to decrease slowly at a rate very close to that produced by the six months 
of minimal treatment. 

Since about two-thirds of the patients continued to receive various kinds of medical or 
psychological help for appreciable periods of time after the initial six months of treatment, 
this result suggests that the post-six-months rate of decrease in social ineffectiveness repre- 
sents the effect of non-specific help, and that the more rapid improvement in ineffectiveness 
produced by group and individual treatment is due to their specific properties as situations 
favorable to learning improved modes of interpersonal behavior. 


MOTIVATIONAL PATTERNS IN PATIENTS SEEKING ELECTIVE 
PLASTIC SURGERY 


I. Women Who Seek Rhinoplasty 


EUGENE MEYER, WAYNE JACOBSON, Mitton T. EDGERTON AND ARTHUR CANTER 


Since December, 1957, all patients presenting themselves for elective plastic surgery at 
The Johns Hopkins Hospital have been referred for psychiatric and psychologic study, after 
initial interview, by the Chief of the Department of Plastic Surgery (Dr. Milton T. Edger- 
ton). The present report concerns the motivational patterns in a group of 30 women pa- 
tients seeking elective rhinoplasty. 

Preoperative tape-recorded psychiatric interviews and a battery of self-administered 
psychological tests constituted the method of study. Particular attention was paid to the 
patient’s postoperative experiences. Follow-up studies are being made at two weeks, two 
months, six months and one year. The 30 women patients ranged in age from 14 to 43 years. 
In all patients, regardless of age, preoccupation with the nose as too large, ugly, or inappro- 
priate to the rest of the face dates from the period of adolescence. Factors contributing to 
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the motivations for seeking rhinoplasty vary with the age and life situation of the patient. 
They may include:— 

a. Conscious wishes for beauty and attractiveness and the wish to avoid being sterotyped 
as “alien.” 

b. A pre-conscious sense of linkage between a felt deformity of facial body image (the 
nose) and undesirable traits of personality function. 

c. Unconscious and intensely conflicted parental identifications which are particularly 
restrictive in the patient’s ease of expression of feminine and sexual attractiveness. 

d. In the older patients, active current interpersonal stress which threatens the patient 
with depressive affect is a frequent finding. 

About one-third of the patients experienced a noticeable degree of postoperative emo- 
tional disturbance. These are generally a matter of a few days, but underline the fact that 
major psychologic defenses have been brought into question by the operation. The operative 
procedure functions symbolically as a disavowal of the restrictive aspects of paternal identi- 
fications and an active striving towards greater comfort in the feminine role. 

The problems of the adolescent patient and the period of adolescence in older patients 
are regarded as crucial in confirming the defensive use of feelings of deformity of the nose 
in the attempted mastery of psychosocial conflicts. 
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BOOK REVIEWS 


American Academy of Orthopaedic Surgeons Instructional Course Lectures, Vol. XVI, 
1959. Edited by Frep C. Reynoxps. 335 pp., $16.00. The C. V. Mosby Co., St. Louis, 
Mo. 

This book is a compilation of some of the Instructional Course Lectures given at the 
1959 Annual American Academy of Orthopaedic Surgeons Meeting. These lectures are 
usually favorite subjects of the various authors and are, almost without exception, of very 
high quality. For many years these volumes have formed an excellent reference source 
for the study of topics of current interest to the modern orthopaedic surgeon and resident 
trainee. 

The 1959 issue contains a symposium on athletic injuries, brief chapters on hand anatomy, 
Dupuytren’s contracture, surgery of the paralytic hand, treatment of club foot, vertical 
talus, subtalar fusion for valgus deformities of the foot, knee injuries, industrial low back 
problems, principles and treatment of scoliosis, end results of lumbar intervertebral disk 
surgery, unequal extremities, osteomyelitis, electromyography, operative treatment of 
fractures of the elbow in adults, plus a rather extensive symposium on the treatment of 
fresh fractures of the neck of the femur with hip prostheses. 

The quality of printing is better than in the previous volumes and the illustrations are 
generally very good; the photographs of the fresh dissections of the hand are superior. 
The articles are uniformly excellent, pleasantly didactic, and interesting. This book will 
certainly enjoy the popularity of its illustrious predecessors, and is heartily recommended. 

Wayne O. SouTHWICK 


Biophysical Science. A Study Program. Edited by J. L. ONcLEyY. 695 pp., $6.50. John Wiley 
& Sons, Inc., New York, N. Y. 

This series of sixty lectures was presented in the summer of 1958 at Boulder, Colorado, 
by and to a distinguished conference of biophysicists and biochemists. They give a well 
integrated and compact review of key problems and recent advances in selected areas of 
“Biophysics and Biophysical Chemistry”, under the auspices of this Study-Section of the 
N.LH. The interpretation of Biophysical Science reflects the interests of this group, of 
whom but an eighth are associated with problems that are biological to a considerable 
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degree. Hence two-thirds of the lectures deal with systems at a level of organization low 
enough to analyze in the molecular terms familiar to chemists and atomic physicists. 

The opening two lectures outline the contrasting philosophies: that cellular and subcellular 
biology somehow determines the macrosystems which engage most biological research, 
ys. the concept that group dynamics depends largely on extracellular factors. The next 
twenty-eight papers review present knowledge of the physical chemistry, structure and 
mechanisms of progressively more complex molecules from polyelectrolyte to nucleic acids. 
Synthesis, energetics and replication are discussed expertly in quantitative terms. Two 
papers discuss incursions into the large gap from here to the chromosome and mitochondria. 
The use of radiant energy in study of subcellular, cellular and multicellular structures is 
discussed in four authoritative papers. Twelve more papers are devoted to cellular compo- 
nents of the lamellar, fibrous, contractile and mineralized types. 

The last fourteen lectures discuss problems pertinent to ordinary macrobiology, but are 
restricted mainly to nervous organization and function both peripheral (sensory) and 
central. Excitation and transmission at axon and synapse are well reviewed. O. Schmitt, 
inan outstanding discussion of biotransducers, argues that biophysics is not simply a transfer 
of physical concepts from inanimate to animate systems. It is coming to mean the formula- 
tion of new physical relationships that occur rarely if at all in non-living systems: for example 
the vector-transimpedance found in bioelectricity, and the combination of loose and tight 
control seen in nervous organization. 

This situation resembles the shift of physiological chemistry toward studying reactions 
so constrained by intracellular relations, that the laws of mass-action based on statistical 
freedom, no longer apply. There results for intracellular reactions a new kind of biochemistry 
departing from the concepts of Boltzmann and Arrhenius. It is perhaps for this reason that 
chemists who deal with these structurally complex systems, feel kinship to biophysicists 
and contribute heavily to study-programs like this in biophysical science. 

The many biophysicists working in tissue-elasticity, control theory, hemodynamics, 
psychophysics, non-linear mechanisms and open-system thermodynamics (for example), 
will feel that they should belong to any realistic “study-program in biophysics” enjoying 
governmental status. We may hope that future conferences will be distributed to include 
progress in such fields also. 

Space forbids an appreciation of each author’s contribution: they are uniformly of out- 
standing and even brilliant quality, by leaders in each area. The detailed author and subject 
indices make this volume especially valuable. It is also available in paper-back from the 
American Institute of Physics. 

S. A. TALBor 


Atlas of Roentgenographic Positions in Two Volumes, 2nd edition. By Vinita MERRILL. 
772 pp., $32.50. The C. V. Mosby Co., St. Louis, Mo. 

Since it was first issued 10 years ago, this atlas of roentgenographic positioning and 
technique has established itself as the standard work on the subject. The purpose of the 
book is to serve as a reference of standard positioning for demonstration of the anatomical 
area of interest on the x-ray film. The various parts of the body are considered more or less 
topographically and there are excellent photographic illustrations of the positioning of the 
patient for a particular study, and, on the same page, there are reproductions of the radio- 
graphs resulting from the positioning illustrated. Where necessary, black and white drawings 
are included to show the internal detail elucidating the radiograph. The arrangement is 
a convenient one, text, black-and-white photographs, line drawings, and reproductions of 
the x-rays being brought together on a single page. Basic anatomical considerations are 
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treated in each section prior to a discussion of the positioning of the patient. Techniques, 
such as kilovoltage factors and use of grids, etc. are given only minimal consideration, 
The new edition illustrates over 40 added roentgenographic positions, and these, along 
with a few rewritten sections and changes in terminology, constitute the chief alterations 
in the newer edition. Many of the older illustrations showing contrast-filled viscera have 
been replaced to considerable advantage. Because of the basic nature of positioning in 
radiography, revolutionary changes from one edition to another could not be expected. It 
is felt, however, that this second edition is a definite improvement on the first, enhancing 
the pre-eminence of this work in its field. 
DANIEL J. TORRANCE, Jr. 


Biopsy Manual. By James D. Harpy, James C. GRIFFIN, JR. AND JORGE A. RopricGuez. 
150 pp., $6.50. W. B. Saunders Co., Philadelphia, Pa. 

This small manual is well developed. The first chapter discusses general biopsy tech- 
niques; the second deals with biopsy instruments and methods of tissue fixation. The suc- 
ceeding chapters outline in detail how biopsies should be obtained in various regions of 
the body from the neck to the pelvis. 

The broadness of its scope limits the value of the book to one of reference. It should 
be included in all hospital libraries. However, this valuable information could be dissemi- 
nated better if the techniques of each surgical specialty were incorporated in the appropriate 
textbooks, rather than one volume. 


Joun N. CLAssEN 


Molecules and Mental Health. Edited by Freprric A. Grsss. 189 pp., $4.75. J. B. Lippin- 
cott Co., Philadelphia, Pa. 

This volume contains the transactions of two conferences held in 1958 by the Brain Re- 
search Foundation. The first conference was devoted to “Amines in Relation to Brain 
Function and Behavior”, and the second conference considered “ACTH Treatment of 
Hypsarhythmia”’. 

Many of the reports in the first section are familiar to those who have followed investiga- 
tions of the physiology and pharmacology of schizophrenia during the past several years. 
Heath again discussed taraxein, the substance which has been isolated from the serum of 
schizophrenic patients and which produces a symptom complex quite similar to schizo- 
phrenia when administered to normal human volunteers. They had hypothesized that 
taraxein acted as a faulty enzyme, perhaps with amines as the substrate, but experiments 
devised to test the hypothesis were inconclusive. Hoffer presented additional information 
from the Saskatoon group on the metabolites of epinephrine, adrenochrome and adrenolutin. 
Previously they had demonstrated that adrenochrome possessed psychotomimetic proper- 
ties similar to LSD-25, and he postulated that LSD-25 exerts its effect by inhibiting the 
destruction of adrenochrome. Several authors presented information on other agents with 
psychotomimetic or anti-schizophrenic properties. 

Hypsarhythmia is an EEG pattern described by the Gibbs’ in 1952 and is the pattern 
seen in association with so-called infantile spasms, a condition recognized for many years. 
The purpose of the present symposium was to discuss the dramatic improvement in this 
condition effected by ACTH. Since Sorel first used ACTH in Louvain, Belgium in 1955 a 
large number of infants and children have been treated at a variety of clinics in this country. 
The results presented here are uniformly encouraging, but long term follow-up studies were 
not available. 

This volume does not present much information that is new, especially since it was 
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published eighteen months after the first conference, but it does emphasize the need for 
synthesis in the approach to these problems, particularly the pharmacology of mental illness. 
Guidance in this field of endeavor should be ably provided by members of the brain research 
foundation. 

Tuomas W. LANGFITT 


Textbook of Pediatrics, 7th edition. Edited by Waitpo E. Netson with the collaboration 
of 81 contributors. 1462 pp., $16.50. W. B. Saunders Co., Philadelphia, Pa. 

The Textbook of Pediatrics, edited by Dr. Nelson, has been the standard text in pediatrics 
for a number of years. Dr. Nelson has constantly sought to improve. He has consistently 
selected contributors who are not only competent in their field, but also outstanding in 
their ability to present material clearly and concisely. Because of the tremendously large 
area covered by the book, essentially all of pediatrics, items are condensed and compact 
in presentation retaining, however, the clarity for which the book is noted. There is evidence 
in the new edition, moreover, of a trend toward the combination cf physiological orientation, 
authoritative presentation as well as general coverage in the systems taken up. 

The new edition follows very closely the organization and format of the previous edition. 
Seventeen new contributors have been added. The section on fluid therapy is completely 
new, improved, and brought up to date. There is an expanded section on adolescents which 
reflects the increasing awareness of the uniqueness and responsibility of pediatricians for 
this “No man’s land” of patient care and investigation. An excellent new section on collagen 
vascular diseases has been added. The section on neurological diseases has been completely 
re-written, and it is a very good treatment of this area of pediatrics which is growing in 
importance. The respiratory diseases are introduced by a very worthwhile summary of the 
physiology of respiration in this edition. The section on drugs and drug therapy has also 
been enlarged, and its usefulness enhanced. The book has been brought up to date in the 
various sections by descriptions of the new diseases or variants which have been described 
since the last edition. Increased coverage is given those conditions in which fundamental 
advances have increased our understanding. This is most notable in the area of hematology, 
virology and metabolic conditions. At the same time, a number of presentations have been 
further condensed with the result that the new edition is 100 pages shorter than its prede- 
cessor. The very adequate index enhances the usefulness of the book. 

As with any text, there are occasional errors but most of these have been eliminated with 
successive editions in this instance. The most notable error noted in the current edition 
is the incorrectly delineated schema for the Krebs cycle in the metabolic section and the 
product of the hexokinase reaction is incorrectly indicated in the description of bilirubin 
metabolism in the discussion on hereditary defects involving bilirubin. 

The Textbook of Pediatrics well deserves the position of leadership which it holds. It can 
be recommended to the student as the textbook of pediatrics and to the pediatrician as a 
ready, useful reference. 

James B. Smpsury, JR. 


Preventive Medicine. Principles of Prevention in the Occurrence and Progression of 
Disease. Edited by HERMAN E. HILLEBOE AND GRANVILLE W. Larmore. 731 pp., 
$12.00. W. B. Saunders Co., Philadelphia, Pa. 

This book covers a wide territory with brief outlines. The first part deals with environ- 
mental control, ranging from latrine design to ionizing radiation, the whole range of infec- 
tious diseases (often in the manner of the American Public Health Association manual), 
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as well as prevention of obesity, preventive services during pregnancy and infancy, and 
preventive dentistry. 

In the second part the value of periodic clinical examinations is emphasized and screening 
methods for the most prevalent chronic diseases and defects are discussed. The chapter on 
screening for diabetes is short and well to the point, and ought to be taken to heart by 
many a physician and outpatient clinic. Follow-up and rehabilitation, alcoholism and nar- 
cotic addiction are discussed in the next three chapters. 

The third part, on supporting services, covers health education of the public and of the 
patient, post-graduate education of physicians and the roles of the social worker, the public 
health nurse and the hospital in preventive medicine. There is a chapter by Dr. A. M. 
Lilienfeld on epidemiological methods and inferences which are ably illustrated by a dis- 
cussion of the relationship between smoking and lung cancer, perhaps anticipating the reso- 
lution passed this October by the APHA convention on public health responsibility in this 
field. 

The editors, who hold leading positions in the New York State Department of Health, 
have marshalled an imposing number of collaborators from their huge staff. The book should 
be very useful to the medical student and may be a guide and stimulus to the practicing 
physician. It does not intend to cover exhaustively the many fields of preventive medicine 
and not all the chapters are of equal value. 

As minor criticisms may be mentioned that “gavage’’ means “induced feeding by stomach 
tube” and not “induced emesis” (page 94) and one may object to the statement “typhoid 
fever has vectors other than water” (page 16), vectors being living organisms, usually in- 
sects, which carry human pathogens. The sentence “Leptospira, nocardiosis organisms and 
rabies virus have been found in milk” (page 39) would better have been omitted from a 
textbook of preventive medicine as it misleads the reader into believing that this route is 
of importance in the natural history of the diseases mentioned (page 39). 

CHRISTIAN R. KLINT 


BOOKS RECEIVED FOR REVIEW 
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The Preparation of Medical Literature. By Lovis—E MONTGOMERY Cross. 451 pp., $10.00. 
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IN TISSUE CULTURES OF FIBROBLASTS! 


: L. MYRTON GAINES, Jr? 





i Received for publication September 29, 1959 

' The production of acid mucopolysaccharides in tissue culture has been 
i noted previously. Vaubel (1) was the first to report the im vitro production 
: of “mucin”. He grew rabbit synovial tissue in plasma and splenic extract and 
A showed that after cell growth the medium gave a mucin clot on acidification. 
, Kling et al. (2), Grossfeld et al. (3, 4, 5), Castor (6) and Hedberg and Moritz 





SYNTHESIS OF ACID MUCOPOLYSACCHARIDES AND COLLAGEN 


Department of Medicine, The Johns Hopkins University School of Medicine 


(7) have confirmed and extended Vaubel’s original observation. Grossfeld 


Steere 6 


nes 


droitin sulfate in tissue culture. 


et al. have also presented evidence that cultures of mesenchymal cells from 
diverse origins similarly produce mucopolysaccharides in vitro. The implica 
5 tion of these studies is that fibroblasts synthesize hyaluronic acid and chon- 


by: That acid mucopolysaccharides are produced by synovial cultures seems 


adequately established. This fact is further confirmed by the work of Yielding 


i et al. (8) who showed that hyaluronic acid is synthesized in vitro by human 


synovial tissue slices. The type of cell that produces these mucopolysaccharides 
is less certain. That the responsible cells are fibroblasts is probable, but this 
conclusion rests only on two facts: (A) The cultures were derived from tissues 
known to contain abundant fibroblasts. (B) Fusiform, spindle-shaped cells, 
> characteristic of fibroblasts, were the predominant cells in the cultures. Mor- 


phologic criteria are treacherous in tissue culture, however, as form becomes 
simpler im vitro and from the great diversity of form in vivo only three mor- 
phologic types are seen in cultures: spindle-shaped cells, epithelial sheets and 


ameboid cells. It is possible that many types of cells may resemble fibroblasts 
} in tissue culture. Furthermore, the cultures noted above were derived from 
tissues with mixtures of cells, and clones of fibroblasts studied by Grossfeld 


(5) did not produce mucopolysaccharides. 


~"S Mets ie. 


The purpose of the present work is twofold, namely: (A) To confirm Gross- 
feld’s observations that acid mucopolysaccharides are synthesized in tissue 


culture by fibroblast-like cells of diverse origin in addition to synovial cells 
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(B) To obtain evidence concerning the type of cell responsible for this syn- 
thesis. Since there is a considerable body of evidence that fibroblasts partici- 


‘ Supported in part by a research grant from the Arthritis and Rheumatism Foundation, 
Maryland Chapter. 
* Work initiated during tenure of Traineeship under United States Public Health Service 
grant (2A-5033 (C2S)). 
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pate in the synthesis of collagen, studies relating synthesis of collagen to 
production of mucopolysaccharides are presented in this report as evidence 
of functional identity of cell type. 


MATERIALS AND METHODS 


All cultured tissues were obtained from 10 or 11-day-old chick embryos unless otherwise 
stated. Tissue culture techniques varied in different experiments. Explants of approximately 
1 to 2 mm. size were grown in plasma -'ots or on glass under perforated cellophane in sealed 
stationary tubes, T15 flasks and T60 flasks for the experiments in which mucin clots were 
studied. Turbidimetric analyses were made on cultures of chick embryo skin and heart 
grown under cellophane in T15 and T60 flasks. Histologic studies were performed on explants 
grown in plasma clots on “flying” cover slips in sealed tubes. For the chemical studies of 
collagen production, one-half of an 11-day-old chick embryo heart was cut into 4 to 8 ex- 
plants in each 55 mm. Petri dish, arranged under perforated cellophane, and grown in a 
humidified incubator with an atmosphere of approximately 5 per cent carbon dioxide. 
Cultures were fed fresh medium 2 or 3 times a week. For the most part natural medium was 
used, consisting of 20 per cent chick embryo extract (EE59), 50 per cent Earle’s BSS and 
30 per cent horse serum in the early work and 20 per cent EEs0, 40 per cent BSS and 40 
per cent horse serum in later work. In some experiments Eagle’s medium supplemented with 
20 per cent horse serum was used. Phenol red in a concentration of 0.005 per cent, penicillin 
G potassium 500 units/ml. and streptomycin sulfate 125 microgm./ml. were added to all 
media. In addition, 125 units/ml. of mycostatin was added to medium for use in the humidi- 
fied incubator. 

Tests for mucin clots were performed on media removed from cultures 2 to 3 times a 
week. The medium was centrifuged and 1 ml. or greater samples of the supernate were 
acidified with a few drops of 5 per cent acetic acid. Similar 1 ml. samples were incubated for 
30 minutes in a 37°C. water bath with 15 units testicular hyaluronidase* and then acidified. 
Mucin clots were recorded as positive when either (A) a stringy precipitate with aggregation 
into small clots or (B) a single clot appeared after acidification, but only if this clot formation 
was abolished by incubation with hyaluronidase. Similar tests were performed on control 
medium, both freshly prepared and after incubation in empty growth vessels for similar 
periods as with the cultures. 

Quantitative estimation of the hyaluronic acid content of media was obtained by the 
turbidimetric method of Kass and Seastone (9). Turbidities were readin a Bausch and Lomb 
Spectronic 20 colorimeter at 580 my. Blanks consisted of Earle’s BSS with 40 per cent horse 
serum and phenol red. The values obtained were compared to standard turbidimetric curves 
of purified hyaluronic acid* dissolved in Earle’s BSS with 40 per cent horse serum and phenol 
red. Complete growth medium could not be used as the diluent for the hyaluronic acid, as 
embryo extract contains acid mucopolysaccharides. Since complete medium contains sig- 
nificant quantities of mucopolysaccharides, turbidities were always developed in control 
medium that had been incubated in empty culture vessels as well as in medium that had 
supported growth of cells. The quantity of acid mucopolysaccharides in the control medium 
was subtracted from that in the growth medium to obtain the amount synthesized by the 
cells. In fluid that produces a mucin clot on acidification, hyaluronic acid cannot be quantified 
in the turbidimetric method. To all samples 0.02 USP units of testicular hyaluronidase in 
0.1 ml. water were added at room temperature for 15 minutes before developing the turbidity. 
This quantity of hyaluronidase was found by Meyer (10) to inhibit mucin clot formation 
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without significantly reducing turbidities in this method. Similar results were obtained 
with the present enzyme preparation. 

It was known (6) that desoxyribosenucleic acid and ribosenucleic acid as well as acid 
mucopolysaccharides produce turbidities by the method used. This was confirmed in the 
present work. It was found that incubation of 1 ml. samples with 15 USP units of testicular 
hyaluronidase contained in 0.1 ml. water for 30 minutes in a 37°C. water bath gave maximum 
reduction in turbidity of hyaluronic acid, chondroitin sulfate or media. Similar treatment 
with hyaluronidase did not alter the turbidity produced by heparin or nucleic acids. In 
each experiment 1 ml. aliquots of medium, control and growth specimens, were therefore 
incubated with 15 units hyaluronidase for 30 minutes at 37°C. prior to development of the 
turbidity. The difference between the turbidities obtained in the sample with 0.02 units 
and the sample with 15 units hyaluronidase was the amount contributed by hyaluronic 
acid and chondroitin sulfate. On each culture or pool of cultures tested, therefore, turbidities 
were developed in four 1 ml. aliquots: A) Growth medium 15 minutes after addition of 0.02 
units of testicular hyaluronidase. B) Growth medium after 30 minutes incubation with 15 
units of testicular hyaluronidase. C) Control medium, procedure as in A. D) Control medium, 
procedure as in B. The quantity of acid mucopolysaccharide contributed to the media by 
the cultured cells was derived from the equation: (A — B) — (C — D) = synthesized 
mucopolysaccharide. 

Collagen determinations were performed on the pooled tissue obtained from 10 culture 
dishes. Areal growth and condition of the cells were estimated by light microscopy. Tissue 
was harvested, minced and washed twice in distilled water to solubilize and remove any 
free hydroxyproline. The tissue was then washed twice in acetone, 6 hours or longer for 
each wash, once in anhydrous ether for 16 hours, and dried to constant weight at 105°C. 
Collagen was then extracted by autoclaving in water according to the method of Neuman 
and Logan (11) and evaporated. Hydrolysis of this gelatin was performed by heating in 
screw-capped tubes at 130°C. for 3 hours with 1 ml. of 6N HCl. Maximum yield of hydroxy- 
proline was obtained after 1!4 hours and did not change through 4!% hours at 130°C. or 
through 414 hours at 150°C. with 6N HCl. Slightly less yield was obtained with 3N HCl at 
114 hours. Standard hydroxy-1-proline* was stable under these conditions of hydrolysis with 
100 + 3 per cent recovery. Hydroxyproline was then measured by Martin and Axelrod’s 
(12) modification of Neuman and Logan’s (13) method. These determinations were per- 
formed in duplicate or triplicate. Collagen content was obtained by multiplying the measured 
quantity of hydroxyproline by the factor 7.46. 


RESULTS 
Biosynthesis of Acid Mucopolysaccharides 


Growth was observed in the cultures of embryonic tissues as early as 20 
hours after explantation, at which time a few cells could be seen migrating out 
of the explant. Within a few days there was luxuriant new growth. Human 
tissue grew much slower, with the first new cells appearing 3 to 5 days after 
explantation. With all cultures the cells were fusiform in shape with a single 
nucleus, vacuolated cytoplasm and very elongated cytoplasmic processes 
(See Fig. 1). On occasion some cultures would contain an admixture of epi- 
thelial sheets of cells, but the predominant cell type was always the fibroblast. 

Single, large mucin clots were found in fresh embryo extract (EE 0) prepared 
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Fic. 1. Chick embryo skin culture after 2 days of growth. Reticulin stain. 300 x 
. i e 
Explant‘in'lower left corner. 


in this laboratory. Embryo extract which had been frozen while fresh reacted 
similarly when thawed. If the extract was incubated at 37°C. for 3 days or 
longer a turbid solution was usually obtained on adding acetic acid, though 
rarely a mucin clot was still produced. Fresh natural medium containing 20 
per cent EE5. became turbid or stringy on acidification and rarely developed a 
small mucin clot that was abolished by pre-treatment with testicular hyaluro- 
nidase. In natural medium incubated at 37°C. for 3 days or longer a mucin 
clot was never found, the usual reaction showing a slight turbidity on acidifi 
cation. Eagle’s medium supplemented with 20 per cent horse serum always 
remained clear on acidification whether the medium was fresh or incubated. 

Mucin clots were produced in many samples of media removed from growth 
vessels. With cultures of human subcutaneous tissue obtained from two adult 
patients and of human synovial tissue from an adolescent male mucin clots 
were consistently found during the period of viable growth. Mucin clots were 
obtained as early as 9 days after explantation in one culture, but were gen- 
erally not found until 2 or 3 weeks of growth had occurred. Acid mucopolysac- 
charide synthesis stopped whenever significant necrosis of the cultured cells 
appeared, and the longest period of viable growth was 10 weeks. With these 
human tissue cultures mucin clots were observed when Eagle’s medium supple- 
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mented with horse serum was used as well as when natural medium was the 
nutrient. Mucin clots were found in natural medium that had supported growth 
in cultures from one sample of adult guinea pig subcutaneous tissue. In each 
of 7 experiments with chick embryo skin mucin clots were found in the natural 
media removed from viable cultures after 7 to 14 days of growth. Similar 
results were obtained in 5 of 8 experiments in which chick embryo hearts were 
cultured. Eagle’s medium supplemented with horse serum would not support 
the growth of these embryonic cells, and mucin clots were never found on 
acidifying this medium. 

Turbidimetric analyses showed that fresh EEs 9 had a concentration of 
hyaluronic acid varying between 120 to 152 microgm./ml. Natural medium 
incubated at 37°C. without cells for 3 to 4 days contained 10 to 35 microgm./ml. 
hyaluronic acid. Table I shows the results of turbidimetric analyses on cultures 
of chick embryo skin and heart. In experiment 3D results presented are 
averages of analyses of media from 16 T15 flasks. In the other experiments 
the determinations were performed on medium from single T60 flasks. Natural 
medium was used in all of these cultures. Commencing at intervals which 
varied in different experiments between the first and third weeks of growth, 
turbidimetric analyses were done every 3 or 4 days with each medium change. 
The hyaluronic acid concentrations listed in the table are the maximum con- 
centrations found in each experiment. When analyses were performed on 
media from cultures with less than 2 weeks growth or from old deteriorating 
cultures much lower concentrations of mucopolysaccharide were found. In 
several such experiments there was no significant difference between the 
hyaluronic acid concentration of the growth medium and the control medium. 

Further evidence that such cultures produce acid mucopolysaccharides was 


TABLE I 
Hyaluronic Acid Synthesis in Tissue Cultures of Fibroblasts 


: Hyaluronic Acid 
Experiment No Tissue Days of Growth Concentration Mucin Clot 
microgm./ml.* 


2x; chick embryo skin 21 100 + 
2x2 chick embryo skin 21 95 + 
3D chick embryo skin 18 41 + 
3E, chick embryo skin 21 40 0 
3E2 chick embryo skin 21 38 0 
3F, chick embryo heart 21 70 + 
3F: chick embryo heart 21 85 + 
3G; chick embryo heart 34 25 0 
3G. chick embryo heart 41 52 + 
3G; chick embryo heart 41 43 + 


* +8% error 
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obtained in studies of the enzymatic synthesis of glucosamine 6-phosphate 
from glucose 6-phosphate and L-glutamine. After 35 days of growth the cells 
from two T60 flasks in experiment 2x were harvested by scraping, homogenized, 
and the aminotransferase activity was measured by Drs. Pogell and Gryder 
according to their own method (14). Significant aminotransferase activity 
was found. These cultured cells produced 0.005 micromoles glucosamine 
6-phosphate per mg. protein per hour whereas control rat liver produced 
0.015 micromoles per mg. protein per hour. 


Biosynthesis of Collagen 


Cultures of 10 and 11-day-old chick embryo skin and heart were studied 
to detect the biosynthesis of collagen. This was the same source and embryonic 
age of tissue that was used in the experiments on acid mucopolysaccharide 
production. Small explants were cultured in plasma clots on “flying” cover 
slips. After various intervals of growth the cover slips were removed from the 
natural medium, fixed in alcohol-ether or 10 per cent formalin and stained 
with Van Gieson or reticulin stains. No intercellular fibers were visualized 
in the outgrowth during the initial 48 hours. This is illustrated in Figure 1 
which shows a 48 hour culture of chick embryo skin stained for reticulin. The 





Fic. 2. Chick embryo skin culture after 5 days of growth. Reticulin stain. 500 x. 
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border of the explant is seen in the lower left corner. Fibroblast-like cells are 
growing in the plasma clot. No fibers are present. Figure 2 is also chick embryo 
skin from the same experiment, but after 5 days of growth. This is a field 
away from the explant, showing the luxuriant growth and the numerous 
silver-staining, extracellular fibers. This development of fibers by the fifth 
day of growth was consistent with either chick embryo skin or heart. The 
fibers in the outgrowth were located close to the explant in the areas of greatest 
concentration of fibroblast-like cells. In occasional areas of epithelial sheets 
these silver-staining fibers were not seen, though they would be present in 
other areas of the same cultures. In contrast to the profusion of fibers seen 
with reticulin stain only sparse fibers were found with Van Gieson’s stain. 
With either chick embryo skin or heart cultures fibers that took up Van 
Gieson’s stain were first seen between the ninth and fourteenth days of growth 
and with rare exception were few in number in each culture. 

For the chemical studies 11-day-old chick embryo hearts were grown under 
cellophane in Petri dishes with natural medium. Once again the predominant 
cell type in the outgrowth was fibroblast-like. Results are presented in Table 
II. In each experiment there were 10 cultures. The supernatant medium was 
pooled for mucin clot and turbidimetric analyses of hyaluronic acid concen- 
tration. The tissues from these 10 cultures were then harvested by scraping 
and pooled for the determination of collagen content. Each control analysis 
was performed on ten 11-day-old chick embryo hearts immediately upon re- 
moval from the embryo. It was necessary to use ten hearts to give sufficient 
hydroxy-proline for accurate measurement. The values for collagen content of 
the control hearts in the table are half of the values measured. This division 
was made so that the controls could be more readily compared to the cultures, 


TABLE II 


Collagen and Hyaluronic Acid Synthesis in Chick Embryo Heart Cultures 


Culinsen Consens Hyaluronic Acid 
Days of Growth § Ps Concentration Mucin Clot 
° microgm 
microgm./ml.t 


Controls 0 68 mean 
(45-94 range) 
Chick 10 142 + 
Embryo 10 134 48 0 
Heart 10 142 38 + 
Cultures 13 157 38 0 
13 179 58 + 
13 194 38 t 
13 246 35 0 


* +3% error 
+t +8% error 
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as 5 hearts were used in each 10 cultures. The values for the mean and range 
of collagen content of the controls were obtained from analyses of 12 samples 
with 10 hearts in each sample. There was an experimental error of +3 per 
cent in the determination of hydroxy-proline and thus also in the values for 
collagen content. 

In other experiments not reported here there was a net loss of collagen in 
3 day chick embryo heart cultures as compared to the controls. The results in 
Table II, however, show that significant amounts of collagen were synthesized 
by the tenth day and further synthesis occurred in 13 days. Collagen produc- 
tion was further documented by seeing banded fibrils in electron micrographs 
of the outgrowth in similar cultures (15). These cultures were also synthesizing 
acid mucopolysaccharides, as shown by the results in Table II which lists 
concentrations of hyaluronic acid over and above that supplied with the 
medium. 

DISCUSSION 


The present work supplies additional confirmation for the belief that synovial 
tissue is capable of synthesizing acid mucopolysaccharides in vitro. Because 
of the extensive literature on this point these results were to be expected. Of 
greater interest is the evidence cited that such a synthetic potentiality is a 
property of cells from diverse tissues, for this had been noted previously only 
by Grossfeld and his co-workers. 

It has often been presumed in the past that the cell responsible for acid 
mucopolysaccharide synthesis outside of the liver was the fibroblast. The 
ubiquitous nature of this cell in the mammal and other species could account 
for the fact that acid mucopolysaccharides are such a characteristic com- 
ponent of connective tissue wherever it is found. There has been little direct 
evidence, however, linking the fibroblast with mucopolysaccharide synthesis. 

Any conclusions about cell type should be viewed with caution when they 
are based solely on morphology in tissue culture. Examples of morphologic 
transformations with change in pH, state of nutrition, length of time cells 
grown in vitro, etc. are familiar to all workers in tissue culture. This difficulty 
is compounded by the fact that fresh explants always contain a mixture of 
cells. To circumvent these problems many investigators have used clones which 
are populations of cells that have adapted to in vilro conditions over long periods 
of time and which were derived originally from a single cell. The assurance of 
identical origin of all the cells and the reproducible growth patterns of clones 
are distinct advantages for many biologic studies. But if one is interested in 
obtaining close parallels to the situation as it exists in the intact organism, then 
the study of clones is disappointing for such cell lines are known to be different 
from their im vivo ancestors, as exemplified by changes in enzyme patterns and 
chromosome numbers and by development of malignant properties on inocula- 
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tion into the original host. For this reason only cultures of freshly explanted 


tissues were used in this study. 

Since it is believed that morphologic criteria are insufficient to identify 
the fibroblast in tissue culture, a chemical label was sought in the study of 
collagen synthesis. Evidence has been presented that chick embryo heart and 
skin cultures produce collagen under the conditions described. Chick embryo 
heart was chosen as the tissue for the reported chemical studies, because 
hearts of 11-day-old embryos contain a relatively constant, small amount of 
collagen and because this tissue would be quite familiar to tissue culture 
workers. Chick embryo skin cultures also gave a net synthesis of collagen which 
could be measured chemically, but it was very difficult to quantitate the amount 
of skin used in the explants and the control (zero day growth) amount of col- 
lagen was thus quite variable. 

One definition of a fibroblast is a cell which produces connective tissue 
fibers. Certainly, there is good evidence that their presence is required for 
collagen production. In these experiments acid mucopolysaccharides and 
collagen were synthesized in the same cultures. Furthermore, almost without 
exception a single morphologic cell type was present in these cultures, and 
this was a spindle-shaped cell with long cytoplasmic processes, which is in 
other words the prototype of a fibroblast. Although this is not conclusive proof 
it seems reasonable to suppose that it is the fibroblast in these cultures which 
is synthesizing both acid mucopolysaccharides and collagen. 


SUMMARY 


Tissue culture experiments have been reported which show that adult 
human synovium and subcutaneous tissues, guinea pig subcutaneous tissue 
and chick embryo heart and skin synthesize acid mucopolysaccharides in 
vilro. The presence of mucopolysaccharides in the medium removed from 
viable cultures was detected qualitatively by mucin clot production and its 
concentration was quantified by a turbidimetric method. 

Chick embryo skin and heart were found to synthesize collagen and acid 
mucopolysaccharides in the same cultures. The predominant cell type in these 
cultures appeared to be the fibroblast. It is therefore reasonable to assume 
that the fibroblast is responsible for the synthesis of the acid mucopolysac- 
charides as well as the collagen. 
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COMPARISON OF SMOKERS AND NONSMOKERS 


I. A PRELIMINARY REPORT ON THE ABILITY TO TASTE 
PHENYLTHIOUREA (P.T.C.)! 


CAROLINE BEDELL THOMAS anp BERNICE HIRSCHHORN COHEN? 


Department of Medicine, The Johns Hopkins University School of Medicine 
Received for publication October 5, 1959 


Whether or not constitutional differences exist between smokers and non- 
smokers is a question which has recently become of medical importance. 
Because smokers have been found to have higher over-all death rates than 
nonsmokers, especially from cancer of the lung and coronary heart disease, 
it has been assumed by many that a causal relationship has been established 
between smoking and the diseases in question (1 to 7). However, the validity 
of this hypothesis has not been universally accepted (8, 9). Berkson, for 
example, has suggested several alternate explanations, one of which is that 
“persons who are nonsmokers or relatively mild smokers are constitutionally 
disposed to longevity, and therefore to generally lower death rates, and that 
the disposition of these individuals not to smoke is a reflection of this con- 
stitution” (9). There is already some evidence pointing toward psychologic, 
physiologic and metabolic differences between certain groups of smokers and 
nonsmokers (10 to 13). Demonstration of well established genetic differences 
would be even more conclusive, because such inborn traits are presumably 
stable and could not be the result of smoking. In a study of Johns Hopkins 
medical students, we have reported a higher incidence of hypertension and/or 
coronary disease among the parents of students who smoke than among the 
parents of their classmates who do not smoke (14). Twin studies have shown 
that the smoking habits of monozygotic twins, even when reared apart, are 
more alike than the smoking habits of dizygotic twins (15 to 17). 

In order to explore the frequency of several genetic traits among groups 
of healthy smokers and nonsmokers, we have embarked upon studies of the 
characteristics of blood donors at the Johns Hopkins Hospital. The present 
report gives the preliminary findings in regard to the ability to taste pheny]- 
thiourea* (P.T.C.) among various groups of healthy smokers and nonsmokers. 
Fox first detected great differences between people in regard to their taste 
sensitivity to P.T.C., a substance which tastes bitter to some individuals and 
is tasteless to others (18). Subsequent studies by Snyder and other investi- 
gators have shown that the inability to taste P.T.C. and closely related sub- 

' This study was supported by The Tobacco Industry Research Committee. 

2? Postdoctoral Fellow of the National Heart Institute, United States Public Health Service. 

’ Which was first known as phenylthiocarbamide. 
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stances is inherited through a single autosomal recessive gene (19 to 21). The 
test substance may be placed on the tongue in the form of crystals, as a drop 
of a solution of suitable strength, or in the form of filter paper impregnated 
with a standard solution of the test substance (18 to 24). 


METHOD 


Healthy persons accepted by the Blood Bank of the Johns Hopkins Hospital as suitable 
blood donors were given a standardized taste test and interviewed as to their smoking habits. 
The tests and interviews were carried out by one of us (B.H.C.) or by an assistant trained 
in interview techniques. Filter paper was soaked in a No. 2 solution of P.T.C. (650 mg. of 
crystalline phenylthiourea per liter of water) and dried. The taste test was performed by 
instructing the subject to place such a piece of P.T.C. impregnated paper on his tongue, 
moisten it well with saliva and leave it there a short time. He was then asked whether or 
not he tasted anything, and if so, what the taste was like. Subjects who stated that the 
taste was bitter were classified as ‘“‘tasters’’ while those who said that they tasted nothing 
were rated as “nontasters’’. Those who could not be sure whether they tasted anything or 
not were scored as “uncertain”, and those who said it had a taste such as sweet, sour, or 
pleasant were rated as “‘other’’. For the purposes of this study, these last two small groups 
will be combined under the term “atypical response’’. 

The smoking habit questionnaire, which was administered and filled in by one of the 
staff members, was as follows: 


A. I smoke B. I used to smoke 
daily _._____occasionally —__ daily 
age begun —___ age begun 


Ledenaione C. I do not smoke___ 
occasionally ____ and never have 


except a few times years 
age stopped ____ ago 
total years of smoking total years of smoking 


How many do you smoke per How many did you smoke per 


day? day? 
Cigarettes: Cigarettes: 
Cigars: aS Cigars: salina 
Pipes: —— Pipes: =e 


Do you inhale? yes/no Did you inhale? yes/no 


The smoking habits thus recorded were then classified as follows: 
nonsmoker: one who has never smoked or, at most has smoked only a few times years ago. 
occasional smoker: one who does not smoke daily, regardless of whether cigarettes, pipes 

or cigars are smoked. 

cigarette smoker: (these subjects may smoke an occasional pipe or cigar). 

a. light: 1-9 a day. 

b. moderate: 10-19 a day. 

c. heavy: 20 or more a day. 


*This is the summary of a smoking code used in our long-term study of the precursors 
of hypertension and coronary heart disease; it is also the one used by Heath and others 
(11, 12). We have also classified the smoking habits in a slightly different way according to 
the categories used in “Tobacco Smoking Patterns in the United States” in order to compare 
the distribution of smoking habits among our subjects with that found in a country-wide 
survey (25). However, only the classification given above is used in the present preliminary 
report. 
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pipe smoker: 

cigar smoker: - (these subjects may smoke an occasional cigarette). 
pipe and cigar smoker: 

cigarette smoker combined with pipes and/or cigars (regular smoker). 
former smoker: used to smoke regularly, nonsmoker now. 


STUDY POPULATION 


The subjects for the present report comprised all of the male donors coming to the Johns 
Hopkins Blood Bank on weekday afternoons from November 18, 1958 through May 29, 
1959. There were 597 white male donors and 232 negro male donors. Women were also 
studied, but are excluded from the preliminary analysis because the numbers were so small 
(88 white women and 24 colored women). 


RESULTS 


The smoking habit patterns of the white and negro male donors, grouped 
according to ability to taste P.T.C., are shown in Table I. It will be seen that 
the frequency distribution of smoking habits is different for the taster and 
nontaster groups. Among both the white and negro men, a smaller proportion 
of tasters than nontasters were nonsmokers, while a larger proportion of 
tasters than nontasters were regular cigarette smokers. Dissimilarities in 
distribution between the white and negro groups appear when the various 
subdivisions of the regular cigarette smokers are considered. Among the white 
donors, 52.6 per cent of the tasters were heavy smokers in contrast to 29.7 
per cent of the nontasters, while among the negro donors, a similar but less 
striking pattern of differences is observed among the light and moderate 
smokers. There were relatively few heavy smokers among the negroes and the 
absolute number was small, 64 in contrast to 258 heavy smokers among the 
white donors. It is of interest that 13 of the 17 atypical taste responses given 
by the 829 white and negro men combined occurred among the 322 heavy 
smokers and that no atypical taste responses were observed among the 124 
nonsmokers. 

We have compared smokers and nonsmokers as to their ability to taste 
P.T.C., grouping the various smoking habit categories in several ways. In 
Table Il, nonsmokers are compared with heavy cigarette smokers, all other 
smokers (including occasional smokers) and former smokers, omitting those 
who gave atypical taste responses. In both white and negro donors, the differ- 
ences in ability to taste P.T.C. found among these various smoking habit 
categories were statistically significant. The relatively small number of negro 
male donors precluded more detailed analysis of that group. 

When the white male donors were grouped on the basis of cigarette smoking 
habits (omitting the pipe, cigar and mixed smoking habit categories as well 
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TABLE II 
{bility to Taste P.T.C. According to Smoking Habits Among 582 White Male Donors' 


Tasters N = 323 Nontasters NV = 259 
Observed Expected Observed Expected 
Nonsmokers 41 53.3 55 42.7 
Heavy cigarette smokers? 170 137.1 77 109.9 
All other smokers* 91 104.3 97 83.7 
Former smokers 21 28.3 30 22.7 
X? = 32.2,n = 3, p <.001 
Ability to Taste P.T.C. According to Smoking Habits Among 230 Negro Male Donors* 
Tasters NV = 124 Nontasters V = 106 
Observed Expected Observed Expected 
Nonsmokers 9 15.1 19 12.9 
Heavy cigarette smokers’... 29 33.4 33 28.6 
All other smokers* 82 71.1 50 60.9 
Former smokers 4 4.3 4 Sid 


X? = 10.3, n = 3,.02 > p > .01 


! 15 white doners who gave atypical responses to the taste test were excluded from this analysis. 

? Those who smoke 20 or more cigarettes a day. 

® Includes occasional smokers, light and moderate cigarette smokers, pipe smokers and cigar 
smokers in any combination. 

‘2 negro donors who gave atypical responses to the taste test were excluded from this analysis. 


as those with atypical taste responses), highly significant statistical differences 

were found: 

1. Comparison of smoking categories of 10 cigarettes or less a day versus 
more than 10 cigarettes a day (nonsmokers, occasional and light cigarette 
smokers versus moderate and heavy cigarette smokers): X? = 7.13” = 1 
0.01 > p > 0.001. 

2. Comparison of all five cigarette smoking categories (nonsmokers, occasional 
smokers, light smokers, moderate smokers and heavy cigarette smokers): 
X? = 28.69n = 4p < 0.001. 

Regardless of how the donors are grouped, a positive association between 

heavier cigarette smoking and the ability to taste P.T.C. is observed. 

The proportion of tasters in each smoking category of white donors is shown 
in Figure 1.5 This graph clearly shows that nonsmokers, former smokers, 


®* Similar analysis of negro donors is deferred until more subjects have been studied, since 
at present there are very small numbers in many of the smoking categories. 
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SMOKING HABIT | | 
CATEGORY Al PERCENTAGE OF PT.C. TASTERS | 


—j—— = — ——— 
Nonsmokers 96 
Former smokers 5I 
Occasional smokers | 33 | 
a | 
| 66 | 





light 
| 
Cigorette | oderate 
Smokers heavy 


igarette, pipe and/or | 9 
Cigar smokers 
Pipe smokers 2 


Cigar smokers \7 
Pipe and cigar smokers} 9 











i 1 i i i A i = ' 
%O 1I0 20 OW 40 50 60 70 80 
Wl = typical taste response = atypical taste response 
Fic. 1. Percentage of P.T.C. tasters among 597 white male donors classified according 
to current smoking habits. V = number of donors tested. Light cigarette smokers = 1 to 10 
a day. Moderate cigarette smokers = 11 to 19 a day. Heavy cigarette smokers = 20 or 
more a day. 


occasional smokers and light smokers are similar in regard to having a rela- 
tively low proportion of tasters. Heavy cigarette smokers, regular pipe smokers 
and mixed smokers also appear to resemble each other in exhibiting a higher 
proportion of tasters while moderate cigarette smokers occupy an intermediate 
position between light and heavy cigarette smokers. 

We have examined the relationship of age to the proportion of tasters in 
each smoking group among white male donors; a summary of these findings 
is given in Table II1.* In general, it appears that there is no systematic altera- 
tion in the proportion of tasters from decade to decade where the numbers of 
subjects are sufficiently large. In every group except the oldest (which was 
much the smallest) the heavy cigarette smokers show the greatest percentage 
of tasters. Moreover, as shown in Table III, the percentage of tasters for each 
smoking category was not altered when age adjusted rates were used. 

We have compared the results for the nine test periods in which different 
batches of P.T.C. test paper were used. No important differences were found 
attributable either to the test paper or to the season of the year. When the 
findings of the two interviewers were compared, slight differences were ob- 
served in the smoker-taster distribution in white male donors, but these were 
not statistically significant. Both interviewers found more tasters among 
the heavy cigarette smokers than among the nonsmokers. 

® The 15 white male donors who gave atypical taste responses were not included in this 
analysis. 
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TABLE III 
Percentage of Tasters Among Donors Classified by Age and Smoking Habits 


: Heavy . Total: All 
, Occasional * Others Former ne oe 
Nonsmc Ciga 2 . S y 
onsmokers Geachars igarette Smokers? Seekers ; moking 
Smokers! Categories 


Age 
or o o eo ( ‘ 


N |Tast-| N | Tast-| N | Tast-| N | Tast-| N | Tast-| N | Tast 


ers ers ers ers ers ers 

White male donors 
Under 30 42 | 40.5) 13 | 46.2) 84 | 76.2) 51 | 39.2) 11 | 36.4)201 | 55.2 
30-39 35 51.4; 10 | 50.0/111 | 62.2) 59 | 50.8) 16 | 43.8/231 | 55.8 
40-49 9 | 11.1) 7 | 42.9) 45 | 75.6} 31 | 61.3) 15 | 46.7|107 | 59.8 
50 or over 10 | 50.0) 2 0.0| 7 | 42.9 15 | 53.3) 9 | 33.3) 43 | 44.2 
Total: all ages 96 | 42.7) 32 | 43.8247 68.8156 | 49.4 51 | 41.2|582 55.5 
(ge adjusted rates® 40.0 43.9 68.2 49.0 40.8 54.7 

Negro male donors 
Under 30 17. 35.3; 18 | 50.0| 24 62.5) 50. 72.0) 2 '100.0)111 | 61.3 
30-39 8 | 12.5} 8 | 75.0) 20 | 35.0) 37 | 51.4 3 0.0| 76 43.4 
40-49 3 66.7, 2 50.0) 16 | 43.8) 14 | 64.3) 1 0.0! 36 52.8 
50 or over 0 0.0; O 0.0| 2 0.0| 3 | 66.7; 2 100.0) 7 | 57.1 
Total: All ages 28 | 32.1) 28 | 57.1) 62 | 46.8/104 | 63.5) 8 | 50.0/230 | 53.9 
Age adjusted rates’ 31.0 57.3 47.8 63.4 50.0 54.0 


' Heavy cigarette smokers = those who smoke 20 or more cigarettes a day. 

2 “Other smokers” includes all categories of regular smokers except heavy cigarette smokers. 

* The standard populations used for the age adjusted rates in the various smoking categories com 
prised 765 white male donors and 289 negro male donors studied at the Johns Hopkins Blood Bank 
between October 14, 1958 and May 29, 1959. 


DISCUSSION 
In this preliminary study, filter paper impregnated with P.T.C. was used as 
a rapid screening technique to ascertain whether smokers differ from non- 
smokers in their ability to taste the test substance. In studies using solutions 
of P.T.C., the ability to taste has been shown to vary with the concentration 
of the solution (21, 24). Accordingly, the proportion of “‘tasters’’ to “‘non- 
tasters’ found in our studies, in which filter paper was used in a single test, 
cannot be directly compared with the proportions reported in studies of sen- 
sory thresholds carried out by the sorting technique of Harris and Kalmus or in 
investigations using still different methods (18 to 21, 26 to 28). Nevertheless, 
a standardized procedure was employed in the present study, so that the finding 
of significant differences between nonsmokers and smokers in ability to taste 
P.T.C. is of considerable interest. The fact that, among white male donors, 
the highest proportion of tasters occurred among heavy cigarette smokers 
and the lowest proportions among nonsmokers and former smokers appears 
to be clear cut and unrelated to age. 
The apparent difference in taste response between white and negro smokers 
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needs clarification through further studies involving larger numbers of negro 
smokers. Racial differences in tasting ability between white and negro groups 
in the United States have been reported (22, 29 to 32). If our preliminary findings 
are confirmed, the relative importance of constitutional differences and of 
socio-economic factors affecting the smoking habits of the two racial groups 
must be evaluated. 

We cannot explain the reason for the observed differences between smokers 
and nonsmokers at the present time. The possibility that smoking directly 
affects the acuity of taste in respect to P.T.C. must not be overlooked. On 
the other hand, it is possible that inborn differences involved in the ability 
to taste P.T.C. may be part of a broad spectrum of genetically determined 
biochemical differences which both predispose individuals to their particular 
smoking habits and influence their susceptibility to certain diseases. Several 
clinical studies have been published indicating that deviations from the ex- 
pected proportion of tasters to nontasters may be found in the presence of 
certain thyroid disorders, diabetes and tuberculosis (32 to 35). The possible 
interaction of many factors must be considered in evaluating the differential 
in specific and over-all mortality rates between smokers and nonsmokers. 


SUMMARY 


1. Taste tests, using filter paper impregnated with P.T.C., have been carried 
out on 597 white and 232 negro male donors at the Johns Hopkins Hospital 
Blood Bank. Each donor was interviewed as to his smoking habits. 

2. Among both white and negro donors, significant differences in ability 
to taste P.T.C. were found between smokers and nonsmokers. 

3. Among white male donors, heavy cigarette smokers showed a strikingly 
higher proportion of tasters than did nonsmokers (65.9 per cent versus 42.7 
per cent). Former smokers, occasional smokers and light smokers closely 
resembled the nonsmokers as to proportion of tasters. 

4. The significant findings were unrelated to age. 


We should like to express our appreciation to Dr. Julius R. Krevans, Di- 
rector of the Johns Hopkins Hospital Blood Bank, and his staff for their 
cooperation and assistance. 
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INTRODUCTION 


Although stiffness is a common manifestation of joint disease, the nature of 
this stiffness has not been subjected to careful analysis. In the present study 
the various physical properties of the joint which contribute to stiffness 
(elasticity, viscosity, inertia, plasticity, and friction) have been measured 
quantitatively in normal and diseased joints. 


METHODS 


A device was used which imposed a rotary motion upon the second metacarpophalangeal 
joint. The joint motion was produced by a heavy pendulum which rotated a shaft; a lever 
attached to the shaft was firmly applied to the index finger with tape (Fig. 1). The finger was 
carefully positioned so that the axis of the shaft and the axis of joint rotation coincided. 
With the pendulum at rest, the finger was in the mid-point of the range of normal joint 
motion. The maximum amplitude of motion was 30° either side of this position, well within 
the physiological range of motion. Amplitude was varied by permitting the oscillation of 
the pendulum to damp down. 

Since the joint rotation was derived from a pendulum, it was sinusoidal. The frequency 
of the sinusoidal rotation was varied between 0.57 and 1 cycle per second by altering the 
pendulum length. 

The torque (in gram-centimeters) required to impose this motion upon the joint was 
recorded from strain gages bonded to the lever which transmitted the motion from the shaft 
to the finger. Amplitude of rotation (in radians) was recorded from a low torque potentiom- 
eter attached to the pendulum shaft. Instantaneous rotational velocity (in radians per 
second) was measured by a moving coil velocity transducer driven by the same shaft. Velocity 
varied between zero and a maximum of 3.5 radians per second. A dual beam cathode ray 
oscilloscope was used. This permitted the simultaneous display of torque (vertical axis) 
and rotational amplitude (horizontal axis) on one beam, and torque (vertical axis) and rota- 
tional velocity (horizontal axis) on the other beam. Representative cycles were photographed 
and measured. 


' This work was aided by grant B-894 (C3) from the Division of Neurologic Diseases and 
Blindness, National Institutes of Health, U.S.P.HLS. 

2 Presented in part at the Second Pan-American Congress on Rheumatic Diseases, 
June 5, 1959. 
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Fic. 1. Arthrograph showing the coaxial arrangement of the pendulum shaft and axis 
of joint rotation. 


RESULTS 
A. Normal subjects 

Ninety-seven normal subjects who had no history or clinical evidence of 
joint disease were studied. This group comprised 49 males and 48 females 
whose ages ranged from 4 to 72 years. 

Elastic stiffness 

An elastic substance is one in which the stress (deforming force, or in this 
instance torque) is a function of the strain (deformation, or in this instance 
rotation). The relationship between stress and strain (force and stretch, force 
and displacement, or here torque and rotation) may be linear as in an ideal 
spring (Fig. 2 A) or non-linear as in a rubber band (Fig. 2 B). The elastic stiff- 
ness can be characterized by the amount of force required to produce a given 
displacement (stress/strain, or torque/rotation). In Figure 2 A it will be seen 
that elastic stiffness is indicated by the slope of the line, steeper slopes indi- 
cating greater stiffness. 

Data on the elastic stiffness of joints were obtained from the photographic 
records which displayed joint rotation horizontally and the torque required 
to produce this rotation vertically. This is shown diagrammatically in Figure 
3. The amplitude and frequency of rotation were varied in each subject as 
described. The slope (gram-centimeters/radian) of such torque-rotation records 
provided a convenient measure of elastic stiffness, steeper slopes indicating 
greater stiffness. 

The maximum and minimum elastic stiffness during flexion and extension 
were measured as indicated in Figure 4. In addition the elastic stiffness at 
full flexion and extension were measured by the slope of the line connecting 
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Fic. 2. A. Elastic stiffness as exemplified by an ideal spring showing a linear relationship 
between force and displacement. A stiffer spring exhibits a higher degree of stiffness (steeper 
slope). B. Linear and non-linear elasticity of the common type in which stiffness (slope) 
increases with displacement. 


FORCE 





EXTENSION oo FLEXION 
OB DISPLACEMENT 


oO 





Fic. 3. Diagram of the stiffness of joints. All photographic records are similarly repro- 
duced with extension to the left, flexion to the right, and force (torque) vertically. Joint 
rotation begins at the mid-position (O) and proceeds to full flexion (A). It is then extended 
(A, B, C), and flexed (C, D, A). It is apparent that the elastic stiffness (slope) is non-linear 


and that there is hysteresis. 


the points of maximum amplitude with the origin (Fig. 4). Measurements 
showed that elastic stiffness at flexion exceeded that at extension and that 
stiffness increased at greater amplitude of rotation. 
Viscous stiffness 

A viscous substance is one in which the stress (torque) is a function of the 
velocity. The relation may be linear as exemplified by a plate moving through an 
ideal viscous substance (Fig. 5). Steeper slopes indicate greater viscous stiff- 
ness. The viscous stiffness can be characterized by the torque required to 
produce a given rotational velocity. Viscous stiffness (gram-centimeters 
radians per second) was determined by measuring the torque at maximum 
velocity on each torque-velocity record. In sinusoidal motion maximum 
velocity occurs at zero displacement, thus this torque was developed when 
the joint was in its mid-position. This was the torque required to overcome 
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ELASTIC VISCOUS FRICTION 
Fic. 6. Relationship between the components of stiffness in the normal joint. The maxi- : 
mum torque required to overcome elastic, viscous, and frictional stiffness (total torque = 


100 per cent). Inertial stiffness was <1 per cent. 
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viscous stiffness and plastic (or visco-elastic) stiffness as well. Thus, the stiff- 


ness measured here was the sum of viscous and visco-elastic stiffness. 

Viscous stiffness was much smaller than elastic stiffness. For the normal 
joint the torque required to overcome viscous stiffness at maximum velocity 
was only one-tenth that needed to overcome elastic stiffness (Fig. 6). 


Inertial stiffness 

If one considers a mass moving on frictionless bearings, the force producing 
motion is a linear function of the acceleration of the mass (Fig. 7). This is 
inertial stiffness. 

At the accelerations used in these experiments (zero to 22.6 radians per 
second?) inertial stiffness was so small that it could not be measured directly. 
The torque required to overcome inertial stiffness at the maximum acceleration 
used was calculated indirectly. In a normal man the mass of each centimeter 
segment of the index finger (m) was calculated by measuring the volume of 
water displaced by each centimeter length of the finger, and by assuming the 
specific gravity of the finger to be one. In this way the moment of inertia (/) 
of the finger was calculated (J = mr’, where r was the distance from the axis 
of rotation to the center of each centimeter segment of finger). The torque 
(T) required to overcome inertial stiffness at maximum acceleration was 
calculated from the formula 7 = /a where a is the rotational acceleration. 
This torque was 12.7 gram-centimeters, approximately one-hundredth the 
elastic stiffness. 

Frictional stiffness 

Frictional stiffness is exemplified by a block moving over a rough surface; 
the force (torque) is independent of displacement and velocity (Fig. 8). 

No evidence of friction (torques independent of rotation and velocity) was 
obtained in normal subjects. The possibility that the torque required to over- 
come frictional stiffness might be masked by the larger torques due to elastic 
and viscous stiffness was examined. Torques attributable to elasticity and 
viscosity had a fundamental frequency identical with that of the pendulum 
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Fic. 7. Inertial stiffness as exemplified by a mass on frictionless bearings showing the 
linear relationship between force and acceleration. High inertia is associated with high 


inertial stiffness (steeper slope). 
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Fic. 8. Frictional stiffness as exemplified by two opposing surfaces showing the force is 
independent of displacement or velocity. The frictional stiffness at rest is somewhat greater 
than when the surfaces are in motion. 
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Fic. 9. Plastic or visco-elastic stiffness. The elastic stiffness of a plastic substance is 
typically greater with faster stretch (steeper slope). Maintenance of a constant force results 
in continued elongation (creep). If stretched and maintained at constant length, the force 
required wanes (stress relaxation). 


(0.57 to 1 cycle per second). A filter which attenuated frequencies below 10 
cycles per second was interposed in the torque measuring circuit. This at- 
tenuation of elastic and viscous torques permitted a twentyfold increase in 
amplification of torques above 10 cycles per second. Even under these circum- 
stances no torques attributable to frictional stiffness could be demonstrated 
(Figs. 6 and 20). 

Plastic (visco-elastic) stiffness 

If a plastic substance is stretched to a given length, the force required to 
maintain this displacement decreases with time (stress relaxation). If the sub- 
stance is stretched by a given force there is an initial rapid increase of length 
and then a further gradual lengthening (creep), and on release of the force it 
returns to a length which is the sum of the original length and the amount of 
creep (Fig. 9). 

Experiments were devised to study stress relaxation. The joint was suddenly 
displaced 30° from the neutral position and held in that position. The waning 
of torque with the passage of time was recorded on moving photographic 
film. Studies in eight normal subjects revealed prominent stress relaxation. 
The torque remaining after stress relaxation has run its course is due to elas 
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ticity. It can be seen from Figure 10 that this remaining torque due to elasticity 
and that attributable to plasticity (stress relaxation) are approximately equal. 


Effect of age 

There were large differences in stiffness with age. Figure 11, in which records 
from subjects age 4, 22 and 66 years are shown, demonstrates that with in- 
creasing age there was increased stiffness at the joint. The elastic stiffness in 
the oldest subject was three times that of the youngest subject at flexion, 
and four times as great at extension. 


Effect of temperature 

To determine the effect of cold, three experiments were done on two subjects 
in which the hand was immersed in ice water until the skin temperature fell 
to 18°C. The temperature of the forearm muscles was recorded by an intra- 
muscular thermistor needle and was found to remain constant throughout 
the experiments. Measurements of stiffness at the joint were then recorded 
with each rise in skin temperature of 2°C. Figure 12 demonstrates the increase 
in elastic stiffness on cooling the hand. Some of the derived data from one of 
these experiments are shown in Figure 13. To determine the effect of heat, 
the second metacarpophalangeal joints of two subjects were painted black and 












































Fic. 10. Stress relaxation in a normal subject. Ordinate: torque, 410 gram-centimeters 
per division. Abscissa: time, 20 sec. per division. Torque after an abrupt 0.57 radian exten- 
sion decreases from 550 gram-centimeters to 270 gram-centimeters. 
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AGE 4 AGE 26 AGE 66 
Fic. 11. Effect of age on elastic stiffness. Ordinate: torque. Abscissa: rotation; flexion to 
the right. Amplitude of rotation +0.51 radians in all. Progressive increase in stiffness with 
increasing age is indicated by the steepening slopes. 
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NORMAL COLD 


Fic. 12. Effect of cold on joint stiffness. Ordinate: torque. Abscissa: rotation; flexion to 
the right. The roughly circular trace is a superimposed torque-velocity curve which may 
be disregarded. Amplitude of rotation +0.51 radians in both. The increased elastic stiffness 
(slope) is apparent. 
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Fic. 13. Alteration of elastic stiffness with temperature. A. Elastic stiffness at full flexion 
(see Fig. 4 A) at different amplitudes of rotation, skin temperature 35.6°C. (open circles). 
Increased stiffness at high amplitude is apparent. B. Same experiment with joint cooled 
(closed circles with skin temperature 19.5°C.). Stiffness was clearly increased. 


irradiated by an infrared lamp while the surrounding tissue was shielded by 
aluminum foil. The joints were heated to a surface temperature of 45°C. 
Stiffness was measured at this temperature and at intervals as the temperature 
fell to normal. There was a 20 per cent decrease of stiffness at 45°C. compared 
with the stiffness at 33°C. 


Effect of venous occlusion 


The effect of venous occlusion was measured in two subjects. A cuff was 
placed around the wrist at a pressure of 30 mm. of mercury for one hour. 
Stiffness measurements were made at five minute intervals before and during 
occlusion, immediately after cessation of occlusion, and at five minute intervals 
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thereafter. Elastic stiffness increased to a maximum after thirty minutes 
occlusion, and returned to normal immediately after occlusion ceased (Fig. 14). 


Muscle factors 


To ascertain whether voluntary or reflex muscle activity was influencing 
the stiffness measurements electromyographic recordings were taken in the 
forearm from the extensor and flexor muscles of the index finger in three normal 
subjects (two men and one woman). The muscles were electrically silent during 
rotation of the joint at all amplitudes and frequencies (Fig. 15). Deliberate 
small voluntary movements distorted the tracings and were readily detectable. 

















4 
rT 
Asis « 
2 eo 
wx 
| 2 
ap — VENOUS OCCLUSION— 
Six) 'T 
Ww 
_ 2 4 +6 8 «0 


TIME (mins) 
Fic. 14. Time course of the effect of venous occlusion on elastic stiffness at extension 
(see Fig. 4 B). The increased stiffness produced by venous occlusion fell very rapidly to 
normal following release of the occluding pressure. 
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Fic. 15. Electromyographic recording during motion induced by pendulum at 1 cycle 
per second. Displacement record superimposed. A. Record showing no demonstrable electrical 
activity from finger extensors during passive rotation. B. Similar record showing no flexor 





activity. C. Record showing electrical activity in extensors during extension (marked E), 
with minimal voluntary assistance to motion. D. Similar record from flexors showing activity 
during flexion (marked F). 
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Effect of arterial occlusion 


The effect of arterial occlusion was observed in eight experiments on two 
subjects whose arterial supply was occluded above the elbow by a sphyg- 
momanometer cuff inflated to a pressure of 250 mm. of mercury. Measurements 
of stiffness were made at five minute intervals for 15 minutes before occlusion, 
at 5 minute intervals during occlusion, immediately after cessation of oc- 
clusion, and at 5 minute intervals thereafter. Markedly increased elastic 
stiffness resulted from arterial occlusion (Fig. 16). It will be seen from Figure 
17 that this stiffness appeared after 25 minutes of arterial occlusion and dis- 
appeared very rapidly after release of occlusion. 


B. Arthritic disorders 
Elastic stiffness 


Measurements were made on six patients with inactive rheumatoid arthritis 
whose second metacarpophalangeal joints showed mild deformity and limita- 
tion of motion at the extremes of movement (beyond the 60° moved in the 
experiment). There was no redness, heat, pain or tenderness. Five showed 
increased elastic stiffness and one was in the range of normal. 

Active rheumatoid arthritis involving the second metacarpophalangeal 
joint greatly increased elastic stiffness. Detailed studies were done on a colored 
woman aged 42 years with active rheumatoid arthritis for five months. The 
second metacarpophalangeal joint was painful, tender, and swollen, but there 
was no deformity and no bone changes on x-ray. Measurements of stiffness 
were made, and she was then given prednisone 10 mg. four times a day for a 
week. The activity of the arthritis completely subsided and the patient was 
free of symptoms, although on examination there was mild residual swelling 





NORMAL ISCHEMIA 


Fic. 16. Effect of arterial occlusion on joint stiffness. Ordinate: torque. Abscissa: rotation; 
flexion to the right. The roughly circular trace which is superimposed is the torque-velocity 
curve. The increased elastic stiffness (increased slope of the torque-displacement curve) 
produced by arterial occlusion for 30 minutes is demonstrated. Amplitude of rotation was 
+0.57 radians in both. 





rh rateen: 474 oe 





Or mere 
Ditae Ae be Ae 








ie iin abr 


pea 





wo 
vg- 
nts 
on, 
OC- 
tic 
ure 


lis- 





pions + wanets 


ota Basen Yo 





a Pt: St 





wert sh Acid ea 


Steel 


Sina ae per» 9 


FACTORS IN JOINT STIFFNESS 225 




















Tr 
a 

c 
Ss 
wo 

= sh 
fs 
Z 4 
HB ab 
3 
a 
iL 
LL 
> @ 

Ww 

oO a 

rs , - 

< +——— OCCLUSION ———+ 
uJ 

0 i020 30. 40. 50 60 70 

TIME (mins) 


Fic. 17. Time course of the effect of arterial occlusion on elastic stiffness at flexion (upper 
curve, see Fig. 4 A) and the minimum elastic stiffness during flexion (lower curve, see Fig. 
4F). 





























RHEUMATOID AFTER STEROID 
ARTHRITIS 
Fic. 18. Effect of steroid therapy in reducing the increased elastic stiffness of early active 
rheumatoid arthritis. Ordinate: torque. Abscissa: rotation; flexion to the right. Amplitude 
of rotation +0.51 radians in both. The reduction in stiffness (slope) is clearly illustrated. 


of the metacarpophalangeal joint. There was marked reduction of elastic 
stiffness, although this had not become entirely normal (Fig. 18). 

A white man aged 57 years with symptoms of gout for 15 years was in- 
vestigated. He had tophi around the second metacarpophalangeal joint. The 
elastic stiffness at the joint in flexion and extension was almost twice that of 
a normal white man of the same age. The comparative values of elastic stiff- 
ness at maximum flexion in gram-centimeters/radian were 3,400 in the man 
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with gout and 1,800 in the normal subject, and at extension 8,400 and 4,400 
respectively. 
Viscous stiffness 

In patients with rheumatoid arthritis and gout viscous stiffness was slightly 
greater than in normal subjects. However, the torque required to overcome 
viscous stiffness relative to that needed to overcome elastic stiffness was small 
and bore the same relationship in normal and arthritic joint (Fig. 19). 


Frictional stiffness 


Friction was detected in the gouty joint and in the joint of a colored woman 
with inactive rheumatoid arthritis of 5 years duratior who was receiving 
prednisone 5 mg. three times a day. There were no sigus of active arthritis 
in her second metacarpophalangeal joint, but x-ray showed loss of joint space 
and major erosions of the joint surfaces. On palpation, areas of crepitus could 
be felt during movement of the joint. The torques required to overcome this 
frictional stiffness were measured (Fig. 20) and were very small (maximum 
150 gram-centimeters) when compared with the torques required to over- 
come elastic stiffness (7,200 gram-centimeters at maximum extension). It 
is obvious, therefore, that in joints severely damaged by arthritis frictional 
forces do not contribute significantly to joint stiffness. The major component 
is elastic stiffness (Fig. 19). 


C. Other connective tissue disorders 


Increased stiffness 


Connective tissue disorders other than those manifest by arthritis may 
produce increased stiffness. A white woman aged 39 years with systemic 
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Fic. 19. Relationship between elastic, viscous, and frictional stiffness in normal (diagonal 
hatch) and arthritic (cross hatch) joints. The maximum torques required to overcome 
elastic, viscous, and frictional stiffness are greater in the arthritic joint than the normal. 
Nevertheless, in both instances elastic stiffness is the major factor. 
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NORMAL ARTHRITIC 
n 
g Fic. 20. Demonstration of friction in the severely damaged joint. Abscissa: displacement. 
is Ordinate: force. Forces due to elasticity and viscosity have been attenuated to permit a 
e twentyfold increase in the force scale (see text). The increased amplification fails to reveal 
d irregular forces ascribable to friction. Such irregularities are demonstrable in the badly 
| damaged joint. 
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| | 
NORMAL EHLERS-DANLOS 
y 4 Fic. 21. Decreased stiffness in Ehlers-Danlos syndrome. Ordinate: torque. Abscissa: 


: rotation, flexion to the right. The reduced elastic stiffness can be seen when the record is 
ie compared with that of a normal subject of the same age and sex. 


sclerosis for 18 months was studied. She had severe skin involvement in the 
hands, but there were no bone changes in the fingers. The stiffness at the joint 
was five times that of a normal subject. This was largely due to increased 
elastic stiffness and plasticity. 
Decreased stiffness 

Certain heredity connective tissue diseases show hypermobility of the joints 
and decreased elasticity of the skin. The lax skin is often mistakenly said by 
physicians to show increased elasticity, a confusion of terms which has probably 
been the basis of certain theories about the nature of the defect in these pa- 
tients; the elasticity is decreased, not increased. 
| We have investigated two patients with Ehlers-Danlos syndrome. Both 
showed decreased stiffness at the joint, due mainly to decreases in elasticity 
and plasticity (Fig. 21). 
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VLIN3ONOD 








Fic. 22. Increased stiffness of myotonia congenita. Ordinate: torque. Abscissa: rotation: 


flexion to the right. Records at low (0.57 cycles per second) and high (1 cycle per second) 
frequency are shown together with records from a normal subject of the same age and sex. 


aA 


NORMAL PARKINSONISM 


Fic. 23. Increased stiffness of Parkinsonism. Ordinate: torque. Abscissa: rotation; flexion 
to the right. Increased stiffness in a 54 year old patient with Parkinsonism is evident when 
compared with a record of a normal subject of the same age and sex. 


Seven patients with Marfan’s syndrome showed decreased stiffness, but not 
to the degree exhibited by those with Ehlers-Danlos syndrome. 


D. Neuromuscular disorders 

Although reflex muscle activity played no part in the stiffness at the second 
metacarpophalangeal joint in normal subjects, it exerted a large influence in 
certain neurological and muscular diseases. This was well illustrated by studies 
on a 54 year old white woman with myotonia congenita, whose major com- 
plaint was stiffness. At low frequency rotation of the joint there was little 
increased stiffness. At high frequency rotation elastic stiffness was greatly 
increased due to elicitation of myotonia (Fig. 22). 

This increased stiffness due to muscle factors was also demonstrated in 
patients with Parkinsonism (Fig. 23). 
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DISCUSSION 
Methodology 

Despite the importance of joint stiffness as a manifestation of many forms 
of arthritis no technique has been available for the objective measurement and 
characterization of this stiffness. The method described in this paper gives a 
measure of stiffness at the second metacarpophalangeal joint in precise physical 
terms. The elastic, plastic, viscous, and frictional components of joint stiffness 
can be measured at displacements, velocities, and accelerations well within the 
physiological range. 

The method measures objectively what the patient subjectively interprets 
as stiffness at the metacarpophalangeal joint. This is due partly to factors in 
the joint and partly to stretching of attached muscles and tendons. However, 
in normal subjects there is no electromyographic evidence of voluntary or 
reflex muscular activity contributing to or reducing stiffness. The magnitude 
of the passive muscular contribution to stiffness has not been measured. Never- 
theless, it has been shown that it is not large enough to mask changes in stiff- 
ness produced by physiological and pathological alterations limited to the 
joint. By local cooling of the joint and by venous occlusion not involving the 
forearm muscles elastic stiffness was increased. Local warming of the joint to 
45°C. produced a 20 per cent decrease of stiffness, compared with a 10 to 20 
per cent increase in stiffness on cooling it to 18°C. In a patient with early, 
active rheumatoid arthritis in whom there was no evidence of changes in the 
forearm muscles elastic stiffness was greatly increased. These observations 
demonstrate that alterations in local joint stiffness may be measured by this 
method. In common with many rubber-like materials the elastic stiffness at 
the joint was found to be non-linear, increasing at greater amplitude of rotation. 


Relationship of types of stiffness 

The torque needed to overcome inertial stiffness was so small at the accelera- 
tions used that it had to be calculated indirectly. It was shown to be only one- 
hundredth the torque needed to overcome elastic stiffness. The torque required 
to overcome viscous stiffness was only one-tenth that needed to overcome elastic 
stiffness. The torque needed to overcome frictional stiffness was never detect- 
able in normal subjects and proved to be about one-fiftieth that needed to 
overcome elastic stiffness in a patient with a joint severely damaged by rheuma- 
toid arthritis. Even in a condition such as chronic tophaceous gout the torque 
needed to overcome frictiona] stiffness was negligible compared with that 
required to overcome elastic stiffness. It is therefore apparent that the major 
components in joint stiffness are elasticity and plasticity, both in normal and 
diseased joints. In osteoarthritis, for instance, it appears unlikely that the 
stiffness the patient experiences is due to friction from damaged articular 
surfaces but rather to elastic and plastic changes in the capsule of the joint. 
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Effect of physiological factors 

There was a striking increase in stiffness with age. It is well known that with 
advancing age there is alteration in collagen. There is increase in fibril width 
(1, 2), greater thermal contraction (3), decreased susceptibility to collagenase 
(4, 5) and increased cross linking (3). It is possible that such changes in the 
collagen of the joint capsule are responsible for the increase in stiffness seen 
in older subjects. Extension of these studies will enable the pattern of joint 
stiffness in normal subjects and patients with arthritis to be characterized more 
exactly and the relationship to age and sex to be defined. 

Lowering of temperature produced a definite increase in elastic stiffness of 
the joint, and increase of temperature to 45°C. produced an equally marked 
decrease of stiffness. It is of interest that the small increase of temperature 
(8°) to which it is possible to subject the joint without irreversible damage 
causes a 20 per cent decrease in stiffness. This probably accounts for subjective 
benefit arthritic patients derive in “loosening up” their joints with local heat 
such as paraffin wax baths. 

The increase of joint stiffness following venous occlusion is probably due to 
congestion. The almost instantaneous decrease of stiffness after cessation of 
occlusion makes edema production an unlikely explanation. 


Effect of muscle factors 

Neurological and muscular disorders may be characterized by subjective 
stiffness. The present method provides a means of measuring this stiffness. 
This was well demonstrated by experiments on patients with myotonia con- 
genita and Parkinsonism. The increased stiffness found in normal subjects 
after arterial occlusion for twenty-five minutes is probably due to ischemia of 
the muscle. However, electromyographic studies show conclusively that in 
normal subjects neither voluntary nor reflex muscle activity contributes to the 
stiffness measured. 


Effect of connective tissue disorders 

Connective tissue disorders such as rheumatoid arthritis and systemic sclero- 
sis produce increased elastic stiffness at the joint. In patients with active 
rheumatoid arthritis this may be partly reversed by steroid therapy. It is of 
interest that of the patients studied with rheumatoid arthritis in remission, 
whether spontaneous or induced by treatment with steroids, all except one 
had increased elastic stiffness. This stiffness was not as great as that seen in 
active disease, and was probably due to residual changes in the joint capsule. 

Patients with certain hereditary connective tissue disorders, such as Ehlers- 
Danlos syndrome and Marfan’s syndrome, exhibit hypermobility of the joints 
and lax skin. The decreased stiffness at the metacarpophalangeal joint in these 
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patients has been confirmed and shown to be due to decrease in elastic and 


ith plastic stiffness. 

~ SUMMARY 

— . c ° . ° i. 
on A method has been described for the measurement of joint stiffness in precise 
en physical terms. 

nt The data from ninety-seven normal subjects show that inertial and frictional 
we stiffness are negligible and viscous stiffness small in the normal joint. The major 


components are elastic and plastic stiffness. Elastic stiffness is increased by 
ef age, cold and venous occlusion. Increase of surface temperature to 45°C. 
decreases stiffness. It has been shown that voluntary and reflex muscle activity 





. play no part in altering the stiffness measured at the joint in normal subjects, 
ge but that arterial occlusion for thirty minutes greatly increases stiffness, an 
ve effect which quickly passes with the cessation of occlusion. 
at Elastic, viscous and frictional stiffness bear the same relationship in the 
arthritic as in the normal joint. The major component of overall joint stiffness 
- in the arthritic joint is elasticity. Active rheumatoid arthritis causes an increase 
of - in joint stiffness which is reduced by treatment with prednisone. 
ee Other connective tissue disorders may manifest increased elastic stiffness 
: and plasticity, shown in a patient with systemic sclerosis, or decreased elastic 
stiffness and plasticity, shown in two patients with Ehlers-Danlos syndrome 
= 4 and seven patients with Marfan’s syndrome. 
-. Studies on patients with myotonia congenita and Parkinsonism show in- 
. creased stiffness due to muscular factors. 
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For a great many years clinicians have known that pulmonary tuberculosis 
in the adult ordinarily occurs in the upper part of the lung, and over the years 
a number of explanations for this phenomenon have been proposed. In 1954 
Smith, Abernathy, Smith and Bondurant reviewed 17 theories for the apical 
localization of tuberculosis to which the reader is referred for historical per- 
spective (1). In the present article the subject will be re-examined with partic- 
ular emphasis on recent physiological findings and on experiments with air 
borne infection. This evidence, together with that derived from microbiologi- 
cal and epidemiological studies, supports the theory that tuberculosis localizes 
at the apex of the lung because the oxygen tension is higher there. This idea 
has been strongly advocated by Dock (2, 3), who attributes the original enun- 
ciation of the theory to Johannes Orth in 1887. In the light of present knowl- 
edge a more comprehensive consideration of the problem can be undertaken 
than was possible hitherto. 


CULTURAL REQUIREMENTS OF THE TUBERCLE BACILLUS 

The tubercle bacillus is an aerobic organism whose growth is favored by an 
increase in oxygen tension within the physiological range. This requirement 
has been clearly demonstrated both in vitro (4, 5) and in animal experiments. 
Rich and Follis showed that the development of tuberculosis in guinea pigs 
could be slowed by having the animals breathe a gas mixture which was low 
in oxygen (6), while Scott, Hanlon and Olson showed the pulmonary tubercu- 
losis in monkeys could be selectively speeded up in a lobe of the lung in which 
the oxygen tension was made abnormally high by ligating the pulmonary ar- 
tery (7). Hanlon, Scott and Olson also showed that tuberculosis progressed 
much more rapidly when the oxygen tension was raised by anastomosing a 
systemic artery to a lobar branch of the pulmonary artery (8). Olson, Scott, 
Hanlon and Maltern summarized their experience as of 1952 by saying: “It 

‘ Supported by the Veterans Administration Hospital, Baltimore; by Contract NR 112- 
101 with the Office of Naval Research, Department of the Navy; by Contract AF 41 (657)- 
199 with the USAF School of Aviation Medicine, Randolph Field, Texas; by Research Grant 
H .18.44 from the National Institutes of Health; and by the Maryland Tuberculosis Asso- 
ciation. 


* An earlier version of this paper will be published in the first issue of the Indian Journal 
of Chest Diseases. 
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is our present opinion that these experiments involving ligation of pulmonary 
arteries and systemic-pulmonary anastomosis indicate that the fundamental 
hemodynamic factor responsible for the extensive caseous changes in the tu- 
berculous process is neither increased blood flow, increased blood pressure, 
nor unequal recirculation of tubercle bacilli. These experiments suggest that 
the caseous changes which are encountered are related to high oxygen tension 
in the blood perfusing the arterialized pulmonary tissue” (9). 

OXYGEN TENSION AT THE APEX OF THE LUNG 

If, under special conditions, high oxygen tension favors the growth of tuber- 
cle bacilli 2 vivo, it is of crucial importance to examine the evidence regarding 
oxygen tension at the apex of the lung under normal conditions. In 1953 Mar- 
tin, Cline and Marshall withdrew samples of alveolar gas through small cath- 
eters introduced into the upper and lower lobe bronchi of human subjects 
(10). They found that the oxygen concentrations in these samples were similar 
when the patients were supine but that in the upright position the oxygen 
concentration was significantly higher in the upper lobes. Two years later, 
Mattson and Carlens, in a superb bronchospirometric study, made simultane- 
ous determinations of the oxygen uptake from the right upper lobe and from 
the right middle and lower lobes in man (11). When the subjects were tilted from 
the supine to the erect position, the oxygen uptake of the upper lobes decreased 
sharply. Since ventilation of the different lobes changed very little with pos- 
ture, the authors concluded that the decrease in oxygen uptake resulted from 
a decrease in pulmonary blood flow to the upper lobes in the upright posture. 
Selective reduction in pulmonary blood flow would cause an increase in the 
oxygen tension in the corresponding part of the lung. The bronchospirometric 
evidence indicates that a redistribution of pulmonary blood flow occurs when 
the patient assumes the upright posture: a larger proportion of the blood goes 
to the lower lobes and a smaller proportion to the upper. The resulting eleva- 
tion of the ventilation-perfusion ratio in the upper lobes causes an elevation 
of the oxygen tension in this part of the lungs. 

Additional physiologic evidence, though somewhat less direct, tends to con- 
firm the existence of high oxygen tension at the apex of the lung in the upright 
posture. 1) The pulmonary arterial pressure, as measured by cardiac catheter- 
ization, is not normally high enough to support a column of blood extending 
to the top of the lungs when the subject is standing quietly (12). Although 
accessory mechanisms may nevertheless permit limited perfusion of the apex, 
the effect of gravity dominates the situation and greatly interferes with apical 
flow through the pulmonary circuit. 2) When alveolar perfusion via the pul- 
monary circuit fails, blood flow may be maintained by the bronchial circula- 
tion. When this happens, alveolar oxygen tension remains high because bron- 
chial arterial blood is oxygenated. 3) When a human subject is in the lateral 
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position, the pulmonary arterial pressure is ordinarily high enough to carry 
blood to the top of the uppermost lung (in this case the lateral aspect), yet 
bronchospirometric studies show reduced oxygen uptake by this lung (13). 
Thus reduction of pulmonary blood flow due to the effect of gravity is not 
limited to parts of the lung which are above the reach of pulmonary arterial 
pressure. There appears to be a blood flow gradient throughout the entire lung 
which favors the dependent parts, or, in the words of Bjorkman, ‘“‘the lower 
lung increases its oxygen uptake at the expense of the upper.” 4) The diffusing 
capacity of the lungs, which depends upon perfusion of alveolar capillaries 
with blood, decreases in the upright posture (14). This decrease would be ex- 
pected if in the upright position fewer capillaries were perfused. 5) A sharp 
reduction in capillary perfusion at the apex of the lung would also account for 
the increase in alveolar dead space and decrease in end-tidal alveolar PCO, 
which occur when a person changes from a horizontal to a vertical position 
(15, 16). 


INITIAL DISTRIBUTION OF TUBERCLE BACILLI IN THE LUNGS 

Some of the theories of apical localization have postulated that the initial 
distribution of tubercle bacilli is predominantly to the apices. This argument 
has been used both in connection with blood borne organisms (1) and air borne 
organisms (17). The experimental evidence for apical distribution of blood 
borne organisms is not convincing because of the unphysiological conditions 
under which the experiments were performed (18). Furthermore, nature not 
infrequently disseminates tubercle bacilli through the vascular system in both 
humans and animals, and the striking characteristic in such cases is the even- 
ness of the distribution of lesions in all parts of the lungs. On the basis of the 
physiological evidence cited above, one might even expect the apices to receive 
fewer blood borne organisms if dissemination occurred when the patient was 
in the upright posture. With air borne infection of animals, which has been 
practiced in the laboratory with increasing frequency in recent years, the 
lesions are distributed randomly throughout the lungs (19). Air borne tubercle 
bacilli are carried wherever the inspired air goes, and under normal conditions 
the inspired air is distributed remarkably evenly to all parts of the lungs. Thus 
lesions developing simultaneously from multiple infections, whether blood 
borne or air borne, are not distributed selectively in the apical regions. 

There is also evidence that single primary lesions are randomly distributed. 
Riley e/ al. exposed an average of 156 guinea pigs to air from a tuberculosis 
ward for a continuous period of two years (20). Infected animals were identi- 
fied by tuberculin test, removed from the exposure chamber, and replaced by 
fresh ones so that the number exposed remained approximately constant. 
During the two year period pulmonary tubercles were identified in 51 animals, 
and in all but two instances the primary pulmonary lesion was a single tuber- 
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cle. These single lesions provided a unique opportunity to test the randomness 
of distribution of the infecting organisms under natural conditions. When all 
the lesions were tabulated with respect to the lobe in which they occurred, it 
was found that the number of times each lobe was infected was approximately 
proportional to its share of the total pulmonary ventilation. There was no 


predominance of infection in the upper lobes. The distribution of calcified 
primary lesions of the lung in people is likewise random, according to Medlar 
(21). 

Thus, whether tubercle bacilli are blood borne or air borne, and whether 
they are multiple or single, there is reason to believe that they are not dis- 
tributed selectively to the apices but are distributed randomly throughout 
the lungs. 


DISTRIBUTION OF LESIONS IN ADULT PULMONARY TUBERCULOSIS 


Although in the white population of the United States and Europe the tend- 
ency for pulmonary tuberculosis in the adult to localize in the upper parts of 
the lungs is beyond question, Rich has emphasized the fact that in the native 
African negro adult “the site of origin of the progressive pulmonary lesions is 
not confined to the apical or sub-apical portion of the lung, but may be situ- 
ated in the lower portions and even at the very base” and that even in the 
American mulatto, non-apical adult tuberculosis is more common than in the 
pure white (22). Since the evidence which we have already presented indicates 
that in all probability the initial infection is randomly distributed in the lungs, 
differences in the subsequent development of manifest tuberculosis suggest 
that there may be racial differences in resistance to the tubercle bacillus. Rich 
leaves little doubt as to his opinion on this point: “there is an unequivocal 
body of evidence that the negro adult commonly reacts to infection with the 
tubercle bacillus in a manner that differs strikingly from the reaction charac- 
teristic of the white adult; and when the various accessory influences, such as 
environment, dosage, and previous infection are equalized, the observed dif- 
ferences that remain are such as to leave little reasonable doubt that the negro 
race in general possesses a less effective resistance to the infection than does 
the white, or, in other words, a lower degree of racial resistance.”’ It is thus 
essential to take cognizance of differences in host resistance in attempting to 
explain the apical localization of pulmonary tuberculosis in white adults. 


MAJOR FACTORS AFFECTING THE LOCALIZATION OF TUBERCULOUS 
LESIONS IN THE LUNG 

The factors involved in host resistance to tuberculosis are known to be of 

great complexity. However, for the purposes of the present discussion it is 

helpful to divide the factors affecting the susceptibility of the lungs into two 

categories: 1) host resistance with all its specific and non-specific features; 
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and 2) lung tissue oxygen tension. The second factor is characterized by its 
ability to be different at the apex from what it is elsewhere in the lungs. We 
postulate a level of susceptibility above which infection is likely and below 
which it is unlikely. The apex is believed to be more susceptible than the base 
when a person is in the upright posture because of the higher oxygen tension 
at the apex, but it is recognized that both the apex and the base can vary in 
susceptibility in relation to other aspects of host resistance. 

These ideas are shown graphically in Figure 1. Here the level of suscepti- 
bility of both the apex and the base of the lung is shown to be high at the time 
of primary infection in childhood. All parts of the lung are at a level of sus- 
ceptibility where infection is likely if the tubercle bacillus becomes implanted. 
Since the distribution of infecting organisms is believed to be random, a 
lesion is as likely to develop at the base as at the apex. In this way the ran- 
dom distribution of Medlar’s calcified primary lesions is accounted for. The 
apical distribution of reinfection or adult primary tuberculosis is believed to 
result from the reduced susceptibility of the entire lung which follows a pri- 
mary infection or develops as one becomes an adult. The base of the lung, 
being less susceptible than the apex, is more likely to fall below the level at 
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Fic. 1. Schematic representation of the susceptibility of the lung to infection with tuber- 
culosis in the upright posture. The horizontal broken line indicates the hypothetical level of 
susceptibility below which infection is unlikely. At the time of childhood primary infection 
the entire lung is at a high level of susceptibility and infection is therefore likely to occur 
wherever the randomly distributed tubercle bacillus becomes implanted. At the time of re- 
infection or adult primary tuberculosis the entire lung is less susceptible because of increased 
host resistance, and the susceptibility of the base of the lung lies below the level at which 
infection is likely. The apex, however, is still sufficiently susceptible to acquire infection. As 
indicated in the text, the difference in susceptibility between the apex and base is believed 
to result from the higher oxygen tension at the apex in the upright posture. 
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which infection occurs and is therefore less likely to be the site of a progres- 
sive lesion. 

These differences in the localization of childhood primary and reinfection 
tuberculosis are characteristic of the white population of the United States 
and Europe, but the variations in pattern seen in other races and under other 
conditions can be explained in terms of the same basic principles. For example, 
if, as the evidence seems to indicate, negroes tend to be more susceptible than 
white people, the bases of their lungs may not decrease in susceptibility to a 
low enough level to escape infection. Reinfection tuberculosis may therefore 
be more randomly distributed because over-all host susceptibility is greater. 
This explanation does not deny the effect of oxygen concentration, which pre- 
sumably continues to make conditions at the apex more favorable for infection, 
but implies that total susceptibility is high enough to permit infection in any 
part of the lung in spite of the susceptibility gradient attributable to oxygen 
tension. Thus the more frequent occurrence of reinfection tuberculosis in the 
lower part of the lung in the negro is explained in the same way as the random 
distribution of childhood primary infection in the white person. We concur 
with the opinion of Rich that randomness of distribution is related to lack of 
resistance (22). 

We have emphasized the effect of posture upon the oxygen tension at the 
apex of the lung because the importance of oxygen in tuberculosis has been 
demonstrated. However, the chief mechanism causing increased alveolar oxy- 
gen tension is decreased alveolar blood flow. The possibility must be considered 
that the growth of a tubercle at the apex of the lung is favored by the reduc- 
tion in blood flow per se as well as by the increase in oxygen tension. We can- 
not distinguish between these effects but are much more impressed with the 
evidence which points toward the importance of oxygen. 

Comparative pathology provides a final bit of evidence that the effect of 
gravity upon the pulmonary circulation is important in determining which 
part of the lung becomes infected with tuberculosis. Lesions in the cow tend 
to localize in the dorsal part of the lung, which in this case is uppermost (23), 
while in rabbits tuberculosis caused by the bovine strain is normally caudal 
but can be changed to apical by holding the rabbits in the vertical position 
(24). In guinea pigs the distribution of tuberculosis caused by the human 
strain is random, as might be expected because of the low host resistance. 
Furthermore in the guinea pig the effects of gravity are minimal because of 
the small size of the animal. On the whole, the evidence from comparative 
pathology seems to us to be consistent with the hypothesis which has been 
presented. 

SUMMARY AND CONCLUSIONS 


1. The tubercle bacillus is an aerobic organism. Whether grown on culture 
media or in animal tissues, multiplication of tubercle bacilli is depressed by 
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low oxygen tension and enhanced by high oxygen tension within the physio- 
logical range. 

2. There is now convincing physiological evidence that the oxygen tension 
at the apex is ordinarily higher than in other parts of the lung when a person 
is in the upright posture. 

3. The initial distribution of tubercle bacilli in the lungs is believed to be 
random in the case of both blood borne and air borne organisms. 

4. Medlar’s studies indicate that calcified primary infections in man are 
randomly distributed but that minimal primary lesions in adults are usually 
apical. Reinfection tuberculosis is characteristically apical. 

5. In attempting to understand these phenomena it is helpful to divide the 
factors affecting the susceptibility of the lungs into two categories: 1) host 
resistance with all its specific and non-specific features except lung tissue oxy- 
gen tension; and 2) lung tissue oxygen tension. The second factor is character- 
ized by its ability to be different at the apex from what it is elsewhere in the 
lungs. We postulate a level of susceptibility above which infection is likely 
and below which it is unlikely. 

6. At the time of primary infection in childhood all parts of the lung are 
believed to be at a level of susceptibility where infection is likely. The distri- 
bution of lesions is therefore random. 

7. At the time of reinfection or at the time of adult primary infection host 
resistance is higher, and the susceptibility of all parts of the lung is therefore 
reduced. In the upright posture the higher oxygen tension at the apices makes 
the upper part of the lung more susceptible than the lower part. If reinfection 
or adult primary infection occurs at all, therefore, it is more likely to occur at 
the apex. 

8. These concepts are consistent with the opinion of Rich that randomness 
of distribution is related to lack of resistance. 
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Speculation concerning the pathogenesis of malabsorption in adult celiac 
disease (nontropical sprue) has been strongly influenced by the frequently 
repeated view that no specific changes are to be seen in the small intestine of 
these patients (1, 2, 3, 4, 5). In fact, the statement has often been made that 
there are no morphologic changes whatsoever, or that the changes seen can 
can be ascribed to malnutrition and postmortem autolysis (1, 2, 6). Biopsy 
evidence of antemortem alteration of small bowel mucosa in nontropical sprue 
originally presented by Paulley (7) has been extended by the use of intralu- 
minal biopsy instruments, such as the Shiner intestinal biopsy tube (8, 9, 10) 
and the Crosby intestinal biopsy capsule (11). These alterations consist of a 
loss of the normal delicate structure of the villi, absence of clear distinction 
between villi and crypts of Lieberkiihn, and cellular infiltration and edema 
of the lamina propria. It has been shown that these changes decrease the ab- 
sorptive surface of the intestine (10), and the suggestion has been made that 
this reduction in absorptive epithelium may account for the malabsorption of 
celiac disease (12). Since intestinal biopsy of our patients failed to show a 
restoration of normal intestinal epithelium when the absorption had returned 
to normal on a gluten free diet, an examination of the ultrastructure of the 
absorbing cells was undertaken. 


MATERIAL AND METHODS 


Intestinal biopsises were taken with a modified Shiner tube from the proximal jejunum 
and the distal duodenum under fluoroscopic observation. For the electron microscopic 
study strips of mucosa 1 mm. in width were fixed in 1 per cent buffered isotonic osmium 
tetroxide solution (13, 14). The time from biopsy to placing the specimen in fixative was 
kept to a minimum and was always less than five minutes. The specimens were dehydrated 
in graded dilutions of ethyl alcohol, embedded in methacrylate, and cut with a Sjéstrand 
microtome (15). After collection on formvar coated copper grids examination was performed 
with a RCA EMU 2b electron microscope. The remainder of the biopsy specimen was fixed 
in 10 per cent formalin and prepared for routine histologic study. 


' Aided by U. S. Public Health Service Research Grant No. A-1687 and Research Grant, 
Maryland Chapter, Arthritis and Rheumatism Foundation. 
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GLUTEN DISEASE 





FREE 


CASE REPORTS 


Case 1. J.B. (JHH 804316), a 37-year-old white married restaurant manager, was referred 
to this hospital in May 1958 for investigation of hypochromic microcytic anemia. Family 
history was negative for bowel disturbances. He was in good health until eleven years before 
admission at which time he had an appendectomy. One year following this procedure 
decreasing stamina was noted and became so severe that he was hospitalized on three 
occasions for periods ranging from ten days to three months. The only abnormalities dis- 
covered were mild anemia (hemoglobin 12.0 gm. per 100 ml.), leukocytosis (10 to 12,000 
per c. mm.), and the residua of old inflammatory disease in the hilum and lower lobe of the 
right lung. The patient then felt quite well until fourteen months before his admission to 
this hospital when he again noted increasing weakness and was found to be quite anemic. 
His symptoms improved after he received blood transfusions, but returned again in two 
months, at which time his hematocrit was 15, and his stools were positive for occult blood; 
again, this anemia was corrected with transfusions. The third recurrence of symptoms 
prompted his referral to this hospital. 

The patient denied having diarrhea and rarely had more than one stool a day, but in 
the three months before admission he had occasionally passed a yellow watery stool. He had 
no dyspepsia but was aware of mild abdominal distension and increased flatus. A 15 pound 
weight loss had occurred. During the previous two years he had noted increasing nocturia, 
up to four times per night, although he rarely drank after retiring. 

Physical examination revealed a chronically ill, pale, sallow-complexioned man denying 
all symptoms except weakness. Heart rate was 92, blood pressure was 110/60, and weight 
was 136 pounds. 

There was no glossitis or edema. No abnormalities were detected except mild meteorism 
and hypoactive bowel sounds. 

The hematocrit was 26 with marked hypochromic microcytosis and a 1.2 per cent reticu- 
locytosis. Leukocyte count was 11,500 per c.mm. with a differential count showing 4 per 
cent juveniles, 67 per cent polymorphs, 5 per cent eosinophils, 22 per cent lymphocytes, and 
2 per cent monocytes. Urinalysis was normal. Seven gray, putty-like stools were negative 
for occult blood. Total protein was 4.7 gm. per cent, albumin 3.3 and globulin 1.4 gm. per 
cent, calcium 8.3 mg. per cent, phosphorus 2.4 mg. per cent and alkaline phosphatase 7.2 
Bodansky units. Prothrombin time was 35 per cent of normal; bleeding and clotting times 
were normal. Gastric juice contained free acid after histamine. Serum carotene was 7.4 ¥ 
per cent (normal 70-200 y per cent). In the Vitamin Bj: absorption test, only 4.9 per cent 
of the administered radioactivity was recovered in the urine in twenty-four hours (normal 
greater than 9.0 per cent). Secretin test of pancreatic function was normal. Four day stool 
collection revealed a loss of 19.7 gm. of fat per day (normal less than 5.0 gm. per twenty- 
four hours) and 3.0 gm. of nitrogen per day (normal less than 2.0 gm. per day). Gastrointes- 
tinal and small bowel series showed coarse mucosal folds and puddling of the barium in 
the small intestine compatible with the diagnosis of nontropical sprue. 

There was no improvement in the patient’s anemia with oral iron, buta 10 per cent retic- 
ulocytosis was observed after intramuscular iron, and the hematocrit rose to 36. Three 
biopsies were taken from the distal duodenum with a Shiner tube. 

The patient was discharged on a 3,000 calorie gluten free diet with supplemental Vitamin 
A, D, K, and folic acid. 

In the following six weeks he gained 27 pounds but decreased in girth with the disap 
pearance of meteorism. The serum carotene rose to 47.4 y per cent. 

Four months after starting on the gluten free diet the duodenal biopsy was repeated. The 
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serum carotene was 96.8 y per cent. The patient reported that he was enjoying excellent 
health and had greater stamina than ever before. 

Repeat studies were as follows: hematocrit 45.0, leukocytes 8,650 per c.mm. total protein 
7.3 gm. per cent, albumin 5.4 and globulin 1.9 gm. per cent, calcium 10.8 mg. per cent, 
phorphorus 4.5 mg. per cent, alkaline phosphatase 6.1 Bodansky units, prothrombin time 
greater than 80 per cent of normal, fecal fat 4.2 gm. per day, fecal nitrogen 3.1 gm. per day, 
(These stools were positive for occult blood as they were collected immediately following a 
nasal polypectomy). 

Case 2. M.M.L. (JHH 636233), a 36-year-old white housewife, was first referred to this 
hospital in April, 1953 for investigation of diarrhea that had persisted for five months. Her 
health had been excellent in the past except that between the ages of five and eleven she 
was “puny” and had diarrhea. 

Four months after delivery of her first child in 1948 the patient had the onset of acute 
diarrhea with the passage of six to eight bulky, foamy, foul, gray stools per day. She lost 20 
pounds during the three months the diarrhea lasted. In 1951 after the birth of her second 
child the patient again had an episode of diarrhea. 

Nine months before admission the patient noted easy fatigability, and she was found to 
be anemic. Diarrhea returned, and after another month edema and tetany appeared. 
Although antibiotics, transfusions, vitamins including By. and calcium were given, weight 
loss, diarrhea and meteorism continued. 

On admission she was a chronically ill, undernourished woman weighing 97 pounds. 
Pulse was 92 and blood pressure was 90/60. The abdomen was distended and doughy in 
consistency with visible peristaltic movements. Trousseau’s sign was positive. The hemato- 
crit was 43, leukocyte count was 4,300 per c.mm. with 60 per cent polymorphonuclear cells 
34 per cent lymphocytes, and 6 per cent monocytes. Urine was normal. Stool, which was 


clay colored, watery, and foul, contained many sudanophilic droplets. Total protein was 5.9 
gm. per cent, albumin 3.5 and globulin 2.4 gm. per cent, calcium 8.0 mg. per cent, and 
phosphorus 3.1 mg. per cent. Gastric juice contained free acid. Cholesterol was 222 mg. per 


cent. Prothrombin time was 30 per cent of normal. Small bowel series showed abnormal 
motor activity with clumping and scattering of the barium column. Stool analysis showed 
the fecal fat to be 35 gm. per day and fecal nitrogen 6.7 gm. per day. On a high protein diet 
with banana supplements and folic acid 45 mg. per day the diarrhea decreased. 

Over the next twenty months the patient gained 16 pounds, had only one to two formed 
bowel movements per day. Her endurance, however, was still quite limited. She became 
slightly anemic (hematocrit 34), but in spite of transfusion and Vitamin By. her strength 
was not improved. 

During the first six months of 1957 she began to lose weight without any gross change in 
bowel function. Edema and tetany became troublesome, and then ecchymoses appeared. 
She was re-admitted. Laboratory studies showed hematocrit 14 and leukocyte count of 
4,250 per c.mm. Stool was positive for occult blood. Prothrombin time was 50 per cent of 
normal, total protein 4.3 gm. per cent, albumin 2.8 and globulin 1.5 gm. per cent, calcium 
8.8 mg. per cent, phosphorus 2.8 mg. per cent and, serum carotene 31 y per cent. Vitamin 
B,2 absorption test showed no absorption. Free acid was present in the gastric juice after 
histamine stimulation. Fecal fat was 17 gm. per day and fecal nitrogen 4.4 gm. per day. 

The patient was transfused, given Vitamin K, folic acid, Vitamin By. and a gluten free 
diet. Following discharge, her stools decreased from five to six per day to one to two per 
day. She gained 24 pounds in two months and all her symptoms disappeared. 

In June 1958 a jejunal biopsy was taken with a Shiner tube. Laboratory studies showed 
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hematocrit 40.8, leukocyte count of 5,550 per c.mm. prothrombin time greater than 80 per 
cent of normal, total protein 6.8 gm. per cent, albumin 4.4 and globulin 2.4 gm. per cent 
and calcium 9.7 mg. per cent. Fecal fat was 4.01 gm. per day and fecal nitrogen 1.55 gm. 
per day. A small bowel series was normal. She had gained an additional 4 pounds and 
continued to be asymptomatic. 

RESULTS 

A photomicrograph of one of the intestinal biopsies from patient J. B. before 
starting on a gluten free diet is shown in Figure 1. The degree of mucosal in- 
volvement can be appreciated by comparing it with a biopsy from a patient 
with no intestinal disease (Fig. 2). Villi cannot be identified in the mucosa of 
the adult celiac patient. The distinction between crypts and villi has been 
lost. In addition, the lamina propria is infiltrated with inflammatory cells, 
many of which are eosinophils. Clinical and laboratory evidence of malabsorp- 
tion disappeared when gluten was excluded from his diet, but the abnormality 
of the intestinal mucosa persisted (Fig. 3). 

The free surface of the columnar cells of the intestine consists of a brush 
border which is just discernible by light microscopy. This structure normally 
is composed of minute cylindrical projections about 1 » long and 0.1 yw wide, 
closely packed together and arranged perpendicular to the cell surface (16, 
17, 18, 19, 20) (Fig. 4). The projections or microvilli are covered with the cell 
membrane which at high resolution appears as two dense lines 40 A in width 
(18, 20). 


Electronmicroscopic studies of the intestinal biopsies from patient J.B. taken 
before starting on a gluten free diet show a striking alteration in the brush 
border zone (Fig. 5). Instead of the regular arrangement seen in the normal 
cell, the projections are much shorter, less symmetrical and much less numer- 
ous. Although precise determination of the absorbing surface area requires 


measurements in three dimensions, an approximation based on two dimen- 
sional measurements indicates that the absorbing surface of these cells is about 
one tenth of normal. On the other hand, the cell membrane covering these 
abnormal projections has a regular appearance, and the components are of 
normal dimensions. None of the other cell structures, such as nucleus, mito- 
chondria, Golgi apparatus, or cytoplasm, show any alteration from normal. 

Following institution of a gluten free diet and the disappearance of malab- 
sorption, a striking restoration of the brush border was observed (Fig. 6). In 
fact, the microvilli appear normal. 

The second patient, M.M.L., was biopsied only after she had been on a 
gluten free diet for one year. She had gained 32 pounds, and the fat and ni- 
trogen content of her stools had returned to normal, but the intestinal mucosa 
was still grossly abnorme! (Fig. 7). The brush border, however, appeared com- 
pletely normal (Fig. 8). 














a Se , é ‘DP xen. . rr 
Fic. 1. Intestinal biopsy from patient J.B. (Case 1) (adult celiac disease in relapse before 
starting a gluten free diet). Magnification 100 x. 
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Fic. 2. Intestinal biopsy from a patient with no gastrointestinal disease. Magnification 
100 X. 
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Fic. 3. Intestinal biopsy from patient J. B. four months after starting a gluten free 
diet. Magnification 100 x. 





Fic. 4. Longitudinal section through a normal brush border. The intestinal biopsy was 


from a patient with no intestinal disease. Magnification 50,000 x. 
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Fic. 5. Brush border of jejunum of an adult celiac in relapse. (Case 1) Note almost 


complete absence of microvilli. Magnification 50,000 x. 


Fic. 6. Brush border of jejunum four months after starting on a gluten free diet. (Case 
1) Magnification 62,000 x. 
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Intestinal biopsy from patient 
Magnification 100 x. 


Fic. 8. Brush border of jejunum from patient M. M. L. after one year on a gluten free 
diet. Magnification 26,000 x. 
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DISCUSSION 

Electron microscopic studies of biopsy specimens from normal human in- 
testine have shown that the brush border on the free surface of the absorbing 
cells has the same regular structure as had been described earlier from many 
different animals (19, 20). The main purpose of this structural organization 
has been interpreted to be a means to increase the absorbing area of the intes- 
tinal cell; it has been estimated that the microvilli increase this area about 
fourteen times. Some studies, however, in which combined histochemical and 
electronmicroscopical methods have been used, suggest that the brush border 
is also functioning as some kind of skeleton for extracellular enzymes (21, 22). 
Both alkaline and acid phosphatase have been shown to occur between the 
projections of the brush border, and it seems probable that other enzymes of 
importance in intestinal transport will be found in close association with the 
microvilli. 

Examination of biopsies from a patient with adult celiac disease in relapse 
has shown that the normal brush border is replaced by rudimentary, sparsely 
occurring microvilli. It seems likely that this abnormality leads to striking 
alteration in absorption by the intestine not only by decreasing the absorbing 
area, but probably equally important, by altering concentration and spatial 
arrangement of enzymes at the absorbing surface. 

Intestinal absorption in patients with adult celiac disease is impaired not 
only for actively transported substances, such as glucose and amino acids, but 
also for those abosrbed by diffusion, such as xylose and urea. Such a general- 
ized defect in absorption can hardly be explained by a failure of a single trans- 
port system. On the other hand, a metabolic alteration that so interferes with 
cellular function that the intestinal cell is unable to develop or maintzin a 
normal brush border might be expected to interfere with all intestinal absorp- 
tion, both active and passive. 

The primary defect in celiac disease remains unknown as does the site and 
the nature of the noxious action of gluten and gliadin, but the observations 
reported suggest that the end result is a failure of maturation of the intestinal 
cells leading to a defective brush border which may in turn decrease both ac- 
tive and passive absorption. 

SUMMARY 

1. One patient with adult celiac disease has had intestinal biopsies before 
and after a remission induced by elimination of gluten from the diet. 

2. Electronmicrographs showed an absence of the brush border when intes- 
tinal absorption was impaired; after starting on a gluten free diet malabsorp- 
tion disappeared, and regeneration of a normal brush border was observed. 

3. A second patient biopsied after remission induced by gluten exclusion 
was also found to have a normal brush border. 
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DEPOSITION OF HOST SERUM PROTEIN IN. HOMOGRAFTS 
F. W. BARNEs, JR. AND M. T. EDGERTON, JR. 


The authors wish to thank their colleagues, with whom they have had the pleasure of 
being associated in this work, for their major contributions, namely Dr. Harvey Kemp, Mr. 
William Seip, Mr. Charles Burch, Mr. George Pierce in the year V, Mrs. Sandra Morrel, Dr. 
Samuel Yeh, Dr. Hilary O’Herlihy, and members of the surgical house staff. 

The approach in these laboratories to the fact of universal rejection, by the host, of 
tissue from another individual is actually part of a long-term study of a more basic phe- 
nomenon, the synthesis-response of tissues to cell damage from unfavorable environmental 
agents. From the experimental findings of others, from experiments of our own on this 
basic problem, and from a certain theoretical formulation of this kind of response, we have 
been led to conclude that many proteins from many tissues circulate normally as serum 
globulins. It is believed that these proteins, many of which are enzymes, retain certain 
structural specificities characteristic of the tissue or cell type from which they came, certain 
other specificities characteristic of the individual, and still others characteristic of the 
species, and so on. These specific structural characteristics appear to have the property of 
interacting with proteins endowed with differing specific characteristics, the latter also re- 
lated to an identity in tissue, individual, and species. This interaction, when present, may 
be detected in various ways such as precipitin formation, complement fixation, enzyme 
neutralization, or may not be revealed by known tests. 

To test the possibility of such circulating tissue proteins reaching graft tissue and inter- 
acting with proteins of the graft, the following experiments were carried out. In the first 
series, proteins were labeled by the feeding of S*-L-methionine. In the first experiment such 
labeled auto-, iso-, and homografts of mouse skin were placed on unlabeled mice for 48 hours; 
some of the recipients showed isotope concentrations in the proteins of their skin of the 
same order as those found in their internal organs. 

If it were the recipients that were labeled and the skin grafts (unlabeled) left in place 
for 48 hours, as in the next experiments, it was found that the proteins of the auto-, iso-, 
and homografts had the same isotope concentration as that in the host skin proteins. 

In a third experiment the rate of uptake (not accumulation) at the 48 hour point was 
measured by using no label until the various grafts had been in place for 48 hours; at this 
time S*-L-methionine was given intravenously to the recipient guinea pig. The three kinds 
of grafts were removed at 1 hour and a second set of them at one and one-half hours after 
the injection. In both cases the proteins of the homograft were found to be far richer in 
label than those of the other two. The results of all of these experiments are found difficult 
to interpret without postulating the existence of direct protein transfer between tissues. 

A series of experiments on transplantation of dog kidney confirmed literature reports 
that signs of advanced rejection appear in 2 to 4 days. It was felt that this is too early for 
a classical antibody response and so we were led to further experimentation of events in the 
early life of the graft. 

In another series of experiments a select guinea pig colony, composed of animals inbred 
since 1909 and capable of intertransplantation, was used by first labeling the proteins of one 
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of the pigs with S*-L-methionine. About seven hours later the serum was removed, 
thoroughly dialyzed, and injected intravenously through an indwelling catheter at time 
} zero into another inbred pig which had received duplicate auto-, iso-, and homografts 48 
hours before the injection. Again the same phenomenon occurred 30 and 60 minutes after 
the injection, that is, the proteins of the homograft had several-fold more label than those 
of the other two. 

Finally whole guinea pig serum was injected into rabbits and the resultant antiserum 
made fluorescent by combining it with fluorescein isothiocyanate according to the method 
of Coons. Frozen sections of 48 hour grafts, after removal in four different experiments, were 
treated with the fluorescent antiserum and examined microscopically. In every homograft the 
collagen bundles of the dermis were uniformly stained the apple green of the fluorescent 





dye, while none of this fluorescence was observed in auto- or iso-transplants. Fluorescence 
was found also within the epidermal cells, although the study of this distribution is not yet 
4 complete. 

It is concluded from these experiments that serum constituents of the host may infiltrate 
the homograft extensively by the end of the second day. Characteristics of the reaction sug- 


ee 


gest that it is a specific one. No evidence of inflammation was found in any of the grafts to 
account for the phenomenon seen. The infiltrating constituents of the host serum are thought 
to be globulins and probably normal components of the serum. Results reported may be 
related to the tolerance to homografts exhibited by patients with agammaglobulinemia. 


ELECTRON MICROSCOPIC STUDIES OF GLOMERULAR DISEASE 
Joun H. YARDLEY AND W. GorDON WALKER 


During the past two years needle aspiration biopsies of the kidney have been performed 
on sixty patients as part of a continuing morphologic and clinical study of renal disease. 
Most of the patients have had glomerulonephritis in one form or another. The series also 
includes six patients with disseminated lupus and that group of individuals has been the 
subject of an especially intensive study using the electron microscope. 

Electron microscopy has delineated three cell types in the normal glomerulus: (1) epi- 
thelial cells with characteristic ‘‘foot processes” overlying the glomerular capillaries, (2) 
endothelial cells that line the lumen of the capillaries and are separated from the epithelial 
foot processes by an amorphous looking “‘true”” basement membrane and (3) mesangial cells 
that merge with elements of the basement membrane and appear to compose a “‘stalk”’ 
supporting the capillaries. The existence of the latter cell type is disputed by some authors, 
it being considered merely a different aspect of the endothelial cell. 

Adults and children with idiopathic nephrotic syndrome and essentially normal glomeruli 
by light microscopy have always shown “fusion” of epithelial foot processes on electron 
microscopy. However our opinion at present is that this alteration is non-specific, it 
being seen in the nephrotic syndrome associated with other conditions. Hyalinization of 
) glomeruli in the later stages of idiopathic nephrosis (chronic glomerulonephritis) is mainly 

due to increased amounts of basement membrane—like material in the mesangium, corre- 
sponding to “intercapillary” glomerulonephritis as described by MacCallum. 

\cute and subacute glomerulonephritis found to be proliferative in type by light micros- 
copy shows in the electron microscope a marked increase in the number of cells within the 
capillaries, presumably endothelial in type. In many places they are seen to completely 
choke the capillary lumen. There may or may not be at least some associated changes in 
the epithelial foot processes and the basement membrane in such cases. 

The glomerulonephritis of lupus erythematosus is found to be pleomorphic, at times 
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phous looking, irregular masses present on either side of the basement membrane of some 
capillary loops. These are probably proteinaceous deposits, and can be responsible for some 
of the “‘wire loops.”” Comparative randomized measurements of basement membrane thick 
ness in areas free of deposit have been made in lupus and other conditions. These measure- 
ments show definite areas of marked homogeneous basement membrane thickening in lupus. 
This homogeneous thickening in lupus has the appearance of a “true”? basement membrane 
thickening and has greatly exceeded any such thickening seen in a small series of adults 
with chronic glomerulonephritis. The homogeneous change might also be a cause of “‘wire 
loops”. 

Amorphous deposits in lupus are not pathognomonic, similar changes being reported by 
other authors in amyloid, Kimmelstiel-Wilson disease and toxemia of pregnancy. Occasional 
cases of idiopathic nephrosis in adults will also show deposits not unlike those in lupus. 


GLOMERULAR LESIONS IN CYANOTIC CONGENITAL HEART DISEASE 


GERALD S. SPEAR 


This paper will be published in a forthcoming issue of the Bulletin of the Johns Hopkins 
Hospital. 


so so AO 


ems 


; 
: 








PSE OMELET eee eee 








YAN 


SA, \ 


(A 





BOOK REVIEWS 


Dr. Kelly of Hopkins. Surgeon, Scientist, Christian. By AUprREY W. Davis. 242 pp., $5.00. 
The Johns Hopkins Press, Baltimore, Md. 

“Dr. Kelly of Hopkins” by Audrey Davis published by the Johns Hopkins Press is the 
last biography to be written of one of the original “Big Four” of Hopkins. It may seem 
surprising to the surviving friends of Dr. Kelly that it was not written before, because in the 
opinion of most of those who knew these medical giants Kelly was the most colorful and 
certainly the most controversial of them all. These are the qualities which biographers seek 
and which make for interesting reading. The reason why others did not take up the task was 
the fact that Dr. Kelly had bequeathed all of his notebooks and diaries to Audrey Davis 
who was his secretary and constant companion for the last two decades of his life. There can 
be little doubt that Kelly had her in mind as his biographer. The excellence of the long 
awaited work justifies the waiting. 

Kelly’s early life is well portrayed. The only son of a reasonably well-to-do family, Howard 
Kelly was given the advantages of a good classical education. From his earliest school record 
it is obvious that he was not a run-of-the-mill lad. He early displayed an aptitude for foreign 
languages which interest remained with him throughout his life. He acquired an excellent 
reading and speaking knowledge of French, Spanish and German and had a reasonable 
knowledge of Hebrew and Greek. From Faire’s Classical Institute, Howard entered the 
University of Pennsylvania and in his freshman year became first honor man of his class. 
He continued to excell throughout his college years. 

Entering the University of Pennsylvania medical school in 1877, Kelly was one of eighteen 
with a college degree out of a class of 136. From his earliest years he displayed a tremendous 
excess of energy in every undertaking and he threw himself into the study of medicine with 
full enthusiasm. His work was excellent but his health began to fail. He suffered from ex- 
treme insomnia and he was advised to drop out of school for a year. He spent this year on a 
ranch in Colorado and returned to his medical work the following year to graduate a year 
behind his class. 

Had his biographer been a physician she would have undoubtedly dwelt in greater detail 
on his medical attainments. Nevertheless, Miss Davis displays a remarkable knowledge of 
his medical life and contributions. She describes his early work in Kensington, a poor section 
of Philadelphia, where his daring surgery soon attracted the attention of Osler who backed 
him to succeed William Goodell who was retiring as professor of gynecology at Pennsylvania. 
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He was offered the associate professorship of obstetrics jointly with Barton Cook Hirst. 
He accepted somewhat reluctantly because he had already determined to give up obstetrics. 
The terms of his acceptance were that in three years Hirst was to become professor of 
obstetrics and he professor of gynecology. Kelly never filled this chair because in 1899, again 
through Osler’s influence, he was offered the appointment of Gynecologist and Obstetrician 
to the Johns Hopkins Hospital. Shortly thereafter the University appointed him associate 
professor of obstetrics and gynecology. Thus, at the age of 31 he became chief of the com- 
bined services at the new Medical School. 

Almost immediately Kelly gained a national and soon an international reputation in 
pelvic surgery and female urology. Visitors from all parts of the world came to witness the 
surgical feats of this young genius. From the first of his Hopkins career Kelly realized that 
he had little interest in obstetrics and it was a happy day for him when the president and 
trustees of the University agreed to divide his chair and make J. Whitridge Williams professor 
of obstetrics. When Dr. Kelly resigned some years later, Williams attempted to have the 
departments united under his leadership. In this Williams was unsuccessful and by virtue 
of being kept to his specialty of obstetrics against his will he became one of the all time 
great men of that specialty. 

The authors account of Kelly’s break with the Hopkins on the full time question is well 
documented by letters by Kelly, Osler, the trustees and others. So in 1919 after 30 years of 
directing the activities of the gynecological department at Hopkins, Kelly retired to private 
practice in his own small hospital. About this time his major interest was changing from 
pelvic surgery to the use of irradiation in gynecology. He purchased more than 5 grams of 
radium and pioneered in its use in the treatment of benign and malignant diseases of the 
pelvis. 

Approximately the last half of the biography deals with Kelly’s activities as a naturalist 
and a Christian citizen. It was from his mother that he acquired these interests in the Bible 
and in natural history. They remained with him throughout life. The energy which he 
expended in medicine was tremendous but he found time to pursue his interest in natural 
history during his summers as a student and later in life during his long summer vacations 
at his camp at Lake Ahmic in Ontario. There he botanized, canoed, swam and fished. All 
of these he did intensely. He became an authority on the snakes of America and on fungi. 
At one time he employed a full time artist to draw fungi and thus possessed perhaps the best 
atlas on mycology in America. He was also interested in astronomy and music, playing the 
organ and flute. 

As Kelly’s active participation in medicine became lessened with his advancing years he 
devoted more of his time to his “Christian Works.’’ He wore his religion on his sleeve. A 
member of the Episcopal church, he did not confine his activities to this sect but was very 
active in the more evangelistic churches such as the Methodist. On most Sundays he oc- 
cupied some pulpit or talked before some Sunday School group. This evangelistic work he 
carried with him to his summer camp where he spoke in the Union Church of the near by 
village of Magnetawan almost every Sunday. Kelly carried his evangelism to his fellow staff 
members at Hopkins and expressed regret at times because he seemed to be unable to 
convert them to his brand of religion. Miss Davis obviously believed completely in his 
sincerity and has protrayed this facet of his multifaceted life particularly well. 

Dr. Kelly earned great sums of money by his surgical skill. He did not hesitate to charge 
the well-to-do handsomely but he also gave handsomely. Churches, missions, Christian 
education and the rehabilitation of prostitutes were among his favorite charities. In his 
earlier years he actively tried to get laws passed to force people to walk the straight and 
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narrow, but he learned by long experience that he could not accomplish this by legislation, 


a point about which Welch had advised him many years before. 


One of the amazing things about this energetic many sided man was the fact that he 
retained his youthful vigor and curiosity almost to his death. At the age of 80 he wrote from 
his camp to his secretary, “I fear I must give up speaking engagements” but the next winter 
he had a full schedule of engagements. In January of 1943 at the age of 85 Kelly died. Mrs. 
Kelly died on the same day and the double funeral was attended by all nine children except 
the youngest, Edmund, who was in the South Pacific. 

Miss Davis has presented a well rounded picture of Dr. Kelly as he himself would have 
wanted to be remembered. The biography should be read by every Hopkins medical student, 
past and present and could be read with profit by all who are interested in the story of an 
eminent surgeon, a true scientist and a working Christian. 

RIcHARD W. TELINDE 


The Placenta and Fetal Membranes. Edited by CLaupe A. VILLEE. 404 pp., $10.00. The 
Williams & Wilkins Co., Baltimore, Md. 

This book is a strange compilation of different kinds of information, edited by Claude 
A. Villee of Boston, and published under the aegis of the Association for the Aid of Crippled 
Children. It consists of four virtually unrelated parts which somehow have been gathered into 
one book, and which therefore almost require four separate reviews. Fortunately some of 
the sections can be dismissed lightly. 

Part II is a report of a conference, held in November, 1958 at Princeton, New Jersey, 
devoted to a discussion of some current research on the placenta. It resembles somewhat 
the published proceedings of the Josiah Macy, Jr. Foundation conferences on gestation, but 
improves on them by being reported in the third person rather than by the verbatim re- 
porting of those meetings. Little need be said of the contents of this section except that it 
is of necessity controversial, representing as it does the opinions of various participants. It 
does contain, however, some glaring errors in fact, but this cannot be avoided when state- 
ments made in the course of a discussion are translated into book form. 

Part III is an annotated bibliography, which is at one and the same time incomplete 
and over-complete. It contains about two thousand references, with one- to three-line sum- 
maries of the articles involved, summaries which tempt one to read but shed no light on 
the validity of their contents. 

Throughout the book one finds concepts ascribed to Grosser, which are not in his writings, 
but are conclusions drawn by others from them, yet his classic writings go unmentioned in 
the extensive bibliography of this part of the book. One also looks in vain for the writings of 
Anselmino, Loeschke, Huisman, to name but a very few. 

Part IV of the book is equally strange. It contains a number of names of researchers in 
the United States and abroad who are working on some aspects of placentology. Below their 
names appears a statement of the problems they are attempting to solve. Little can be found 
to criticize in the American or British lists, although it is virtually restricted to those whose 
work has at some time or another come to the notice of participants in conferences of the 
Josiah Macy, Jr. Foundation or the Association for the Aid of Crippled Children. This 
becomes a glaring deficiency in the list of foreign investigators which almost completely dis- 
regards all who do not publish in the English language. It is then to some extent a placental- 
club membership list of the English speaking union. 

If the above remarks are all to some extent critical of the book, its most valuable part 
has been kept till the last. 
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Part I consists of eight chapters by recognized experts in the field, each dealing with an 
area of placental morphology or function of their interest. Chapter I, written by Amoroso, 
deals with the comparative aspects of the hormonal function. It is as good a starting point 
for anyone interested in the endocrinological aspects of pregnancy as one can find anywhere. 
Chapter II, ‘“Histophysical Considerations,’ by Dempsey, restresses some of the aspects 
discussed in Chapter I. Chapter III, ‘““The Placental Circulation,’ by Ramsey is a beautifully 
written, well documented and clearly presented one, which serves to point out clearly that 
there can be no intelligent discussion of placental transfer mechanisms without understanding 
some of the implications of placental vasculature as it is, or is at present thought to be. 
This chapter, which is presented essentially morphologically, is brought into sharp focus in 
the next chapter, ‘The Placenta As the Fetal Lung,’”’ by Barron. Rather than being a 
review of work done, this chapter stresses methods of study and the assumptions that have 
to be made to valid results thus obtained. Since many of the assumptions depend on the 
placental circulation, the reading of Chapters III and IV together is most rewarding. Chapter 
V, “The Transmission of Antibodies from Mother to Fetus,” by Bramble, runs into the 
controversial issue of transfer of proteins across the placenta, and mechanisms by which 
this can be achieved whether directly or indirectly. Chapter VI, writted by J. D. Dancis, 
deals with “Placental Function and Fetal Nutrition,’ Chapter VII, by Villee, with “Bio- 
chemical Aspects,’”’ and Chapter VIII, by Hertig, with ‘Pathological Aspects” of the Pla- 
centa. Of these, Villee’s chapter of necessity returns to some aspects mentioned in previous 
chapters, but in so doing serves a very useful function in picking out salient features and 
restressing them with great clarity. 

In summary, the Editor is to be congratulated for the manner of reporting the conference 
proceedings, the clarity of his own chapter, and the editing of Part I of the book. 

Whether some of the obvious errors in data in Part II, or the hodge podge of facts in 
Part III and IV should find a place in as authoritative a volume as Part I makes this book, 
is, to say the least, questionable. For serious students of the placenta one could perhaps 
suggest reading Part I of this volume and then proceeding to the reading of Snoeck’s “‘Le 
Placenta Humain,”’ provided always that the first part of the present volume is read first, 
thus enabling one to separate more easily fact from fiction in what is fast becoming a most 
confusing field of study, if one were to judge all published data as facts. 

ANDRE E. HELLEGERS 


Master Your Tensions and Enjoy Living Again. By GrorGr S. STEVENSON AND HARRY 
Mitt. 241 pp., $4.95. Prentice-Hall, Inc., New York, N.Y. 

These authors have put together a most readable book which should be useful to the 
“normally anxious” person. Anyone who has tried out Mr. Milt’s Basic Facts About Mental 
Illness on lay people knows he can expect clear, concise, well-explained and well-written 
information here. 

In their introductory sixty pages, the authors begin with the pressures of today’s living, 
the psychological dangers and the problems of keeping up with changing patterns of living. 
They discuss tension, in terms of threat, and what happens when action is blocked, and 
point out the desirable aspects of tension in some situations. Along with tension goes anxiety. 
Chronic anxiety, the authors indicate, may often stem from childhood, may derive from 
feelings one has developed of being worthless or being ‘“‘bad,’”’ or may perhaps relate to 
overprotection. The person who is constantly “driven” by his anxiety is depicted here, 
among others. 

The first step the authors suggest towards control of one’s tensions is to consider a series 
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of questions and situations, each of which is carefully discussed: Do you worry a great deal 
of the time? (Without any apparent cause?) Are you as a rule edgy, irritable, and easily 
upset? Do the ordinary pleasures of life fail to satisiy you? And so on, through a series of 
nine. If one answers “‘yes” to only a few, or even “‘yes” to most, with the qualification that 
“this happens only occasionally, and is seldom very intense,” then one’s tensions may be 
only moderate and may be somewhat relieved by the recommendations in the remainder 
of the book. If the tensions are more severe, psychiatric help may be needed, the authors 
write. 

The next hundred-plus pages, nearly half the book, are devoted to “Eight Methods For 
Getting Rid of Tension in Daily Living.”’ They are generally sound and appear to be ‘‘com- 
mon sense’’ suggestions but they possess a “‘different’”’ quality of being keyed to the kinds 
of difficulties which anxious people are apt to overlook, in that the emphasis here is placed 
on the self-imposed aspect of common problems, discussed at length, and illustrated with 
cases. “Get rid of your anger,’’ “Take one thing at a time,” “Take a positive step for- 
ward’’—these do vary in their usefulness to the individual (for example, “Escape for a 
while” may well be a more difficult strategem for many persons than the text would suggest). 
They are well put, and would be helpful to one whose anxieties are not too great, and who 
possesses some capacity for standing off and observing his own habit patterns. In addition, 
however, they offer most useful examples and ideas for the practicing physician in any field 
who is perplexed by the manifold contradictions observable in people generally and as 
patients particularly and is looking for ways of approaching anxious, tense people to help 
them to use their own adaptive faculties in more adequate ways. 

The final section of the book is titled ‘How to Avoid Tension-Building Situations.” It 
includes two chapters on parental relationships with children, one on job tensions, and one 
on “Marriage and common sense,” each illustrated with anecdotes which may help the 
reader to apply the principles he has been learning. This information might well be of 
particular usefulness to the pediatrician and to physicians in general as a refresher course in 
the crisis situations in personality development. The authors offer practical, constructive 
information on many common but frequently not clearly observed patterns of personality 
dysfunction which are first seen by the family physician and consultant and which, with the 
help of this book, might possibly be kept from developing further into frank mental disorder. 
This reviewer would unhesitatingly recommend this volume to readers of many different 
levels of sophistication and learning. 

JEROME STYRT 


Relaxation and Exercise for Natural Childbirth, 2nd edition. By HELEN HEARDMAN. 31 pp., 
$0.75. E. & S. Livingston Ltd., Edinburgh and London. The Williams & Wilkins Co., 
Baltimore, Md., exclusive U. S. agents. 

This is simply a British manual of exercises to be employed by the gravid woman to pre- 
pare her for natural or physiologic childbirth. The British are great believers in a ritual of 
antepartum and postpartum exercises. However, American obstetricians are in general not 
much for the physical culture approach to childbirth. While such a series of exercises may be 
helpful in natural childbirth, they are certainly not necessary to the success of physiologic 
labor and delivery. Furthermore, even though exercises of this nature do not take much time 
to perform, most American gravidae feel that they have too much to do without adding 
such rituals to their duties. 

GEORGE W. CorRNER, JR. 
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Care of Minor Hand Injuries. By AprIAN E. FLartrt. 266 pp., $9.50. The C. V. Mosby Co., 
St. Louis, Mo. 

This book is a very useful volume for injuries included in the title. The term “minor” 
is perhaps, misleading, as some aspects of this volume are certainly beyond such a realm, 
It is apparent that some of the technique is good and is derived from personal experience, 
As the author states, there are many different ways to perform procedures, and the descrip- 
tions given in this monograph have been successful for the author. 

The book, in general, is well written and the illustrations are good. The bibliography is 
probably too condensed and brief, and for this reason, can be considered a definite weakness. 
However, this reviewer would strongly recommend this volume for use by medical students, 
house officers, general practitioners, industrial physicians and surgeons particularly inter- 
ested in accident room problems. 


WituiaM F. Rrenuorr III 


Surgery of the Foot. By Henri L. DuVries. Foreword by Kart A. MEyeEr. Introduction 
by Edward L. Compere. 494 pp., $12.50. The C. V. Mosby Co., St. Louis, Mo. 

Physicians are commonly caught in the paradox that being expert in the care of serious dis- 
eases and adept in handling great problems of life and death they are considered by analogy 
expert in other matters and even more expert in less grave ills. While this paradox is most 
commonly recognized when physicians become unsuccessfully involved in business enter- 
prises, it is also often seen in their care of chronic and non-fatal diseases. Maladies of the 
human foot, chronic, annoying, socially unpopular, uninteresting to the physician, but only 
occasionally grave, are uncommonly subject to expert attention. There is relatively little 
attention in the medical literature directed to the foot, and little textbook material describ- 
ing in detail the various problems and procedures in the foot. We are indebted, therefore, to 
DuVries for this detailed and scholarly work on surgical disorders of the foot. 

Surgery of the Foot is a 500 page textbook of deformities of the foot subject to surgical 
care. It is a carefully detailed and thoroughly documented work. There are over 400 well 
chosen photographs. The following chapter headings and their page length indicate the 
appropriate emphasis of this book in common clinical problems. Twelve pages are given 
to infections of the foot; twenty pages to a chapter on burns and freezing, foreign bodies 
and gunshot wounds, sprains and athletic injuries; ulcers of the foot in diabetes is accorded 
ten pages; tumors, cysts, and exostosis are accorded forty pages. Eighteen pages are given 
to diseases and deformities of the toenails with the greater part of the chapter concerning 
the common clinical problem of the ingrown toenail. A long chapter on static deformities 
reviews the literature of the subject in a very clear fashion, and presents in usable form 
the author’s preference of technical methods. 

The section on anomalies and congenital defect is a good textbook summation of this 
subject and includes most of the common and rare anomalies. The common club foot is 
handled very briefly. Indeed, the entire topic of minor developmental defects of the foot, 
such as metatarsus varus, tibial torsion, and flat foot and the treatment of these variations 
is excluded. Perhaps the author is wise in confining himself to surgery of the adult foot and 
avoiding the quagmire of unsubstantiated opinion which constitutes our present under- 
standing of growing feet. He does at least, indicate clearly his opinion of corrective shoes. 
The subject of poliomyelitis and the transfer of tendons in its treatment is not included. The 
associated procedures such as the triple arthrodesis, the Grice procedure, and Lanbrinudi’s 
procedure are not included. Our newer knowledge on the mechanics of gait and muscle action 
in walking is also absent. 


In summary, this is an excellent textbook on the surgery of the relatively minor diseases 
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which involve the foot. It is concisely written and quite comprehensive in coverage It is 

highly recommended to all young orthopaedists as a very practical handbook. Only its 

limited scope of interest removes it from the essential list of an orthopaedist’s library. 
GEORGE W. SETTLE 


Hypertension. The First Hahnemann Symposium on Hypertensive Disease. Edited by 
Joun H. Moyer. 790 pp., $14.00. W. B. Saunders Co., Philadelphia, Pa. 

This volume contains the formal communications as well as the informal discussions of 
ninety-one contributors, and represents an impressive array of data and opinions in the field 
of hypertension. The authors comprise professors and fellows of medicine and surgery, but 
include a fair sprinkling of pharmacologists, pathologists, and research workers from the 
pharmaceutical industry. 

It seems to be as good and comprehensive a summary of the present North American 
research and thought in this field as one might wish to find. Out of 774 pages at least 474 
deal with various aspects of treatment, and this even intrudes into the first 300 pages. It is 
clear that the editor is one who is rather partial to the therapeutic aspect of the disease, and 
this is one feature which prevents the volume from being a suitably balanced work. 

The definition of hypertension within an epidemiological setting receives scant attention, 
apart from an interesting ten page paper by Dr. Marvin Moser and a brief four page note 
by Dr. Henry Schroeder who finds that hypertension is also common in the Orient. Dr. 
Moser’s paper is particularly applicable to our surroundings as he concludes that “there 
may be a racial susceptibility of the colored race to elevation of blood pressure”, and that 
“the complications are common among the negroes and blood pressure elevation is not a 
benign finding”. Apart from these rather tantalizing statements, there is little of substance 
in the present volume that might help this reviewer to clarify his impression that hyperten- 
sion in the negro behaves in a manner different from that of his white neighbour. Aetio- 
logical and therapeutic reviews of hypertension should make due allowance to racial origin, 
socio-economic standing, and “individual adaptability to stress”, but such facets are not 
stressed in the Hahnemann Symposium. 

The relationship of trace metals to hypertension is discussed by Dr. Seven, and further 
than suggesting that the chlorthiazide molecule shows potentialities for metal binding, no 
post hoc connection is shown and we are left suspended in air. There are several such exam- 
ples in this volume where an interesting connection is hinted at, but where facts and experi- 
ments have lagged behind speculation. This may be worth while in a comprehensive review 
of a limited field but has, I think, no place here. 

The chapters and lengthy discussions on therapeutic aspects bridle, as is usual, with firmly 
held opinions and pet procedures. Placebo therapy seems to have only a limited and tempo- 
rary place in the follow-up of the ill hypertensive patient, though the part personal and 
repeated contact plays, has not been elucidated. Dr. Smithwick has some powerful figures to 
keep alive our interest in the surgical approach to hypertension. However, as in other 
countries this procedure is not thought to be of proven value, one must assume that both 
case selection and details of technique explain something of Dr. Smithwick’s really con 
vincing figures. 

The final panel discussion in the volume deals with the treatment of mild and moderate 
asymptomatic hypertension. This is by far the largest group in our hypertensive population. 
It seemed to be the consensus of opinion that sooner or later this group would get into 
trouble from complications or accelerated hypertension. All the same there was much argu- 
ment whether they should receive effective drug treatment, apart from such supportive 
therapy as regular attendance in a clinic might provide. No evidence was provided whether 
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drug therapy was supportable socially or economically, or more important whether in {act 
hypotensive treatment in this patient group either delayed or prevented the usual vascular 
and organ diseases frequently associated with hypertension. 

The need for such studies, arduous and lengthy as they might be, becomes apparent 
from reading the First Hahnemann Symposium. In spite or perhaps because of what has 
been said here, the reading of this volume should be obligatory for all students in the cardio- 
vascular field and internists. The reviewer, after hanging on to it for some time, will now at 
last have to purchase his own copy. 

FREDERICK WOLFF 


Cellular and Humoral Aspects of the Hypersensitive States. A Symposium held at The New 
York Academy of Medicine. Edited by H. SHERWoop LAwRENCE. 667 pp., $18.00. 
Paul B. Hoeber, Inc. Medical Book Dept. of Harper & Bros., New York, N. Y. 

This volume brings together individual monographs on various aspects of the hypersensi- 
tive state, presented in a symposium at the New York Academy of Medicine, and made 
possible by a grant from the National Science Foundation. Basic experimental investiga- 
tion on the phenomena of hypersensitivity, now in the modern era referred to as “altered 
tissue activity,” has broadened widely, especially during the past decade. Renewed interest 
in this field has brought marked advances, and with application of new investigative tech- 
niques contributions have derived from several fundamental biologic disciplines. Basic 
concepts are changing, sometimes rapidly, and the need for such publication has been 
obvious to many interested in both experimental and clinical aspects of hypersensitivity. 
The array of authors—all well-known basic investigators, includes Pappenheimer, Freund, 
Lawrence, Eisen, Waksman, Chase, McMaster, Kuhns, and others equally prominent, who 
summarize in dynamic fashion, but primarily from an experimental viewpoint, present 
concepts, relating in detail, the biochemical aspects and cytologic events in hypersensitivity, 
both of the immediate and delayed type. Induction of delayed sensitivity to protein antigens 
by Pappenheimer and Freund, for example, includes discussion of sensitization through 
infection, the effects of adjuvants, sensitization with antigen-antibody complexes, methods 
of sensitizing guinea pigs, specificity of delayed reactions, systemic reactions, relation of 
delayed sensitivity to antibody formation, and the controversial question of desensitization 
of delayed sensitivity. Other chapters—equally all-inclusive—include sensitivity to simple 
chemicals, toxic effects of antigen-antibody reactions on cells of hypersensitive reactors, on 
transfer of delayed hypersensitivity in man, general and local vascular reactions involved in 
hypersensitivity, experimental serum sickness, agammaglobanemia, endotoxin and bacterial 
hypersensitivity, and tissue damage occasioned by mammalian tissue-adjuvants, and 
reactions to homologous tissue antigens (homographs, tissue tolerance and rejection, etc.). 

Allergic hypersensitivity mediated by antigen-antibody reactions in man, and of especial 
interest to the allergist, receives adequate attention from Kuhns, who discusses, from an 
experimental approach, the wheal-erythema reactions related to hay fever and asthma; the 
characteristics of the atopic antibody, and cites the experimental diphtheria toxin-antitoxin 
system to illuminate the complexities of this subject. Serum Sickness and Related States by 
Dammin includes comments on the collagen diseases, drug reactions and vascular reactions 
in hypersensitivity, both of the systemic and pulmonic systems. McCleod also discusses 
the possible relationship of hypersensitivity to collagen diseases, rheumatic fever, and rheu- 
matoid arthritis, and refers to the controversial question of the relationship of allergy and 
resistance in tuberculosis. Finally, Jacques Monod, in a rather challenging concept, com- 
pares the induction of enzymes to antibodies. The chapters are well-written and complex 
details of experimental results—frequently with their clinical applications or relationships 
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are clearly outlined. Some duplication exists, and naturally so, in the attempt to sub-divide 
this complex subject into distinct divisions; this is not, however, a drawback but provides 
illumination and orientation through diverse approaches to the problems. An excellent 
bibliography and interesting discussions by critical investigators follow each chapter; here 
suggestions for further experimental work and study are frequently indicated. The author 
and subject index complete the book of 667 pages which, to the author’s knowledge, repre- 
sents the first major attempt to present in one issue what is currently known abovt this 
subject in animals and man. To anyone interested in basic experimental investigation, this 
volume with its 2000-odd references is invaluable; to clinicians, both internists and allergists, 
and to students interested in hypersensitivity the information contained herein, gained 
from many sources, should prove interesting and instructive when attempting to explain 
the pathogenesis of allergic disease states in man. 
WALTER L. WINKENWERDER 
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REMARKS ON THE OCCASION OF THE PRESENTATION OF A 
PORTRAIT OF JOHN C. WHITEHORN TO THE JOHNS 
HOPKINS UNIVERSITY, FEBRUARY 26, 1959 
BARBARA J. BETZ 

Dr. Eisenhower:' 

I enter into my present task of making the presentation of a portrait 
of Dr. John Whitehorn to the Johns Hopkins University with feelings 
f gratification and pride. This portrait is a gift, designed to honor Dr. 
Whitehorn, from the men and women who have been associated with 
him in professional activities at the Henry Phipps Psychiatric Clinic since 
he came to Baltimore in 1941. 

The portrait was painted by Florence H. Austrian. It is, I believe, a 
felicitous product of collaboration between artist and subject. Many of 
Dr. Whitehorn’s characteristic and very special qualities, which have con- 
sistently stirred and activated the capacities of his colleagues, students, pa- 
tients, are there to be seen—his clarity, steadiness, controlled intellectual 
power, and his profound, human goodness, among others. 

A real. portrait, like a real person, undoubtedly continues to evoke re- 
sponses according to the state of mind of the person looking at it. In 
honoring Dr. Whitehorn by a gift to the University, the choice of a portrait 
is one expression of our respect and deep personal regard. 


The portrait was presented at a dinner in honor of Dr. Whitehorn. 





A STUDY OF THE FUNCTIONAL CONTRIBUTIONS OF THE 
LEMNISCAL AND SPINOTHALAMIC SYSTEMS 
TO SOMATIC SENSIBILITY 
CENTRAL NERVOUS MECHANISMS IN PAIN! 


GIAN F. POGGIO® ann VERNON B. MOUNTCASTLE 


Department of Physiology, The Johns Hopkins University School of Medicine 
Received for publication November 9, 1959 


Investigations carried out in recent years in a number of laboratories 
have provided descriptions of the morphological features and functional 
properties of what we shall term the lemniscal component of the somatic 
afferent system. It is composed of the first order afferent fibers of the 
dorsal roots and columns, the neural elements of the medial lemniscus, 
the cells of the ventrobasal nuclear complex of the thalamus and their 
thalamo-cortical fibers, and the postcentral region of the cerebral cortex. 
Some of these studies have detailed the exact location of the central pro- 
jection of the system, and the pattern of representation of the body form 
within it (1, 45, 104, 105, 142, 144, 145, 146). Others have used the method 
of single unit analysis to determine the functional organization of these 
regions, as well as the more dynamic properties of their constituent neural 
elements (2, 9, 11, 82, 83, 84, 101, 103). 

The lemniscal system serves the discriminative forms of somatic sensi 
bility, both in the sphere of touch-pressure and in that of kinesthesis. Its 
neural elements are highly specific for these submodalities, for single lem 
niscal neurons, at each level of the system, are responsive to one or the 
other of these modes of physiological stimuli, but not to both (102, 112, 
120). The system is also highly specific with respect to place, for its some 
what distorted image of the body form is filled with detail. Studies of the 
system by the method of single unit analysis have revealed several dynamic 
functional attributes which, over and above anatomical specificity, endow 
it with an exquisite capacity for temporal and spatial discriminations (101, 
102, 107). These will be indicated in more detail in that which follows. 

We propose in this paper to describe some of the functional properties 
of the second component of the somatic afferent system, as observed at one 
of its thalamic loci of synaptic transfer. This component takes origin from 
cells of the dorsal horn of the spinal cord, and ascends bilaterally in the 

‘Aided by research grant B-1751, The National Institutes of Health, United States 
Public Health Servic e. 


* Fellow of the United Cerebral Palsy Research and Educational Foundation, 1957- 
59. 
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anterolateral columns. We shall term it the anterolateral system. It is it- 


self multiple, for it contains spinoreticular, spinotectal, and spinothalamic 
components. Of the last, the regions of termination include the intralami- 
nar nuclei, the ventrobasal complex (VB), and the posterior group of 
nuclei of the thalamus (PO). Some preliminary experiments indicated 
to us that this posterior group is indeed one of the major regions of thalamic 
transfer for a part of the anterolateral system. It is our principal purpose 
to describe the results obtained in a single unit analysis of this region. We 
will present data concerning the functional properties of its neurons, cor- 
relate them with its anatomical structure and connections, and contrast 
them with those of the lemniscal system, for the two are strikingly differ- 
ent. Firstly, however, we will describe in brief the preliminary experiments 
referred to, which were made using gross electrode recording methods. 
We will also review what little is known of the morphology and connections 
of this region. 

These two major components of the somatic system, divergent at the 
level of spinal cord entry, likely converge again upon the somatic sensory 
regions of thalamus and cortex. How they must both contribute to the 
central neural activity depicting peripheral events, which we believe leads 
to sensation and perception, is largely a speculative matter to which we 
will devote some discussion. 

PRELIMINARY EXPERIMENTS 

A preliminary series of experiments in a group of 27 cats was carried out 
using gross electrode recording methods. The main purpose of these ex- 
periments was to locate any region of the thalamus activated by ipsilateral 
mechanical stimuli. Some investigators (46, 47, 62, 63) have indicated that 
in their experiments ipsilateral nerve volleys do indeed activate VB in 
the cat, and suggest that the ipsilateral and the contralateral body surfaces 
are represented there in a completely overlapped and co-extensive pat- 
tern. On the other hand, it has been our experience in mapping experi- 
ments in rabbit, cat and monkey (104, 105, 118), as well as in a single 
unit analysis study (119, 120), that the relation of this region is with the 
contralateral surface of the body, so far as the mechanoreceptive modes 
of somatic sensibility are concerned. In our re-examination of the problem 
in the cat the experiments were carried out using methods already de- 
scribed in some detail (104, 105), and were purposely done at a wide variety 
of anesthetic levels. Some animals were kept in a very profound barbiturate 
narcosis throughout, while others were maintained at a very light anes- 
thetic level by a combination of thiopental and a neuromuscular blocking 
agent. In some animals the experiments were carried out in the unanes- 


268 POGGIO AND MOUNTCASTLE 


thetized state, for in these animals the bodily areas subjected to operative 
procedures in the acute experiments had been denervated, by the follow- 
ing procedure. 


Some ten to fourteen days before the terminal experiment the trigeminal nerves 
were sectioned via an intracranial route, and the upper three or four cervical roots 
cut, in a sterile operative procedure. Local ocular and systemic antibiotic therapy 
prevented a septic extension of the resulting keratitis. At the terminal experiment an 
intra-tracheal cannula was inserted under a very brief ether anesthesia, for artificial 
ventilation, and the experiment continued with a neuromuscular blocking agent alone. 
Only physiological stimuli were used in these experiments. 


In each experiment the projection of the contralateral body surface 
upon VB was mapped, and at each thalamic locus a careful examination 
was made for responses evoked by physiological stimulation of the ipsi- 
lateral body surface, and additionally, in some experiments under general 
anesthesia, by ipsilateral nerve volleys. Fifteen experiments in which a 
total of 361 electrode penetrations of the dorsal thalamus had been made 
were sufficiently complete for anatomical study. The brains of these ani- 
mals were sectioned serially, and the sites from which recordings had been 
made were determined. The results of all the experiments, whatever the 
level of anesthesia, were similar, and we will not present them in detail. 
They can be summarized briefly as follows. 

(1) The detailed projection of the contralateral body surface upon VB 
has been confirmed, and we have not observed responses evoked within 
the confines of this region by ipsilateral stimuli. We have, however, ob- 
served that under very light anesthesia ipsilateral nerve volleys, or very 
heavy ipsilateral mechanical stimuli, noxious in character, suppress the 
background activity of this region, and this in an homologous topography 
with the contralateral projection. 

(2) Responses are evoked in the dorsal thalamus by ipsilateral nerve vol- 
leys, or by physiological stimuli. These responses cluster in the region 
medial and mediodorsal to the medial geniculate body, and posterior to 
VB, in a region included here in the posterior group of nuclei, in accord 
with the terminology of Rose and Woolsey (122). We have not examined 
in detail the region of the centre median (3, 6). 

These results agree with those of Whitlock and Perl (138, 139), who 
mapped the diencephalic responses to cutaneous nerve volleys in animals 
in which the dorsal columns had been previously sectioned. In this rela- 
tion it is well known from anatomical studies, reviewed below, that ele- 
ments of the anterolateral system of the spinal cord do project upon the 
diencephalon. While this projection is strikingly bilateral upon PO, and 
predominantly contralateral upon VB, the fact remains that some fibers 
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of the system appear to reach the latter on the ipsilateral side, relative to 
the body surface. 


ANATOMICAL CONSIDERATIONS 


The caudal portion of the dorsal thalamus of the cat, that region be 
hind the ventral and lateral nuclear masses, is represented by a broad cell- 
band which is difficult to analyze or to subdivide anatomically. It has been 
termed the pulvinar-posterior system by Rose and Woolsey (122). Its dorsal 
portion includes the pulvinar and the lateral posterior nucleus (LP). Its 
ventral portion, indistinctly separate from that above, includes within a 
region of non-uniform cellular structure the suprageniculate nucleus (Sg), 
and a part, at least, of both the magnocellular division of the medial ge- 
niculate body (GMm) and the posterior nucleus of the thalamus as de- 
fined by Rioch (115). It is this particular region—the posterior nuclear 
group of the thalamus—which has been the object of the present study. 
Before presenting the results, we wish to describe the structure of this 
region, and its afferent and efferent connections. We will not describe in a 
similar way the anatomical features of VB, for these have been detailed in 
earlier publications (105, 119), and we have used those definitions in the 
present study. 


I. Morphology and Topography of the Posterior 
Group of Nuclei of the Thalamus 


A. As one follows successively a series of coronal sections of the cat's 
thalamus in the posterior direction, one sees that as the lateral portion of 
the ventrobasal complex becomes progressively thinner in its mediolateral 
dimension, a region of quite different structure is intercalated between 
that nucleus and the external medullary lamina laterally and the dorsal 
nucleus of the lateral geniculate body above (GLD). In this small cres- 
centic area the clumps of large cells so characteristic of VB are no longer 
seen; only small, faintly staining cells are present, and the cellular region 
is heavily shot through with fibers. This thin curving lamella of tissue is 
the most anterior part of the posterior group, which projects forward to 
embrace the postero-dorso-lateral aspect of VB (see Fig. 1). It has been de- 
scribed by other workers, and it corresponds to the latero-ventral portion 
of the n. lateralis posterior of Rioch (115) and probably also to the anterior 
pole of that author's n. geniculatus medialis (see his Fig. 8). The region 
is figured by Winkler and Potter (141, see plate * XI) as the most ventral 
part of the pulvinar, lying between the lateral geniculate body and their 
n. ventralis a and b. Other investigators apportion this area to the medial 
geniculate body and/or the lateral posterior nucleus (72, see Figs. 16 and 


Fic. 1. 


The photomicrographs of this and the following two figures are of trans 
verse sections of the left side of 


the thalamus of the cat, cut in the Horsley-Clarke 
frontal plane. The sections were cut at 30, after embedding in celloidin, and stained 


with thionin; x 8.5. The figure above illustrates the most anterior extension of the 


posterior nuclear group of the thalamus (PO), which at this level is intercalated be 


tween the dorsal nucleus of the lateral geniculate body (GLD) and the ventrobasal 
nuclear complex (VB) 
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17; 74, see Fig. 11; 73, section 230), some of them including its rostral 


tip in the n. ventralis posterolateralis, as did Jasper and Ajmone-Marsan 
(73). 

B. Proceeding caudally, one sees that the posterior group of nuclei comes 
to occupy a larger area in the coronal plane, and includes the ventral part 
of the lateral posterior nucleus, as well as the region immediately behind 
the VB complex (Fig. 2), a region which is the anterior part of GMm of 
current terminology. In its dorsal portion the cells are small and elongated, 
their long axes are often oriented mediolaterally, and they are intercalated 
between the large numbers of fibers which traverse the region in that direc 
tion. [These cytoarchitectural characteristics are common to this entire 
portion of the posterior group of nuclei, and indeed they are very similar 
to those of the lateral posterior nucleus. It is for this reason that the dorsal 
limit of the posterior nuclear group cannot be delimited exactly, and no 
certain boundary between it and the lateral posterior nucleus can be found 
in cell preparations. 

In the ventral portion of the posterior group the cellular morphology is 
varied and complex. In the more lateral sector there are clusters of small, 
densely packed, deeply stained cells which, when traced posteriorly, are 
found to be the anteriorly extending fingers of the principal division of the 
medial geniculate body (GMp). Medially the cells are more loosely packed, 
are considerably larger, and are mixed with smaller cells similar to those 
seen more dorsally. Anteriorly to this region the cellular arrangement 
changes gradually to that characteristic of VB, while posteriorly it assumes 
the features of the GMm. A continuity between the medial geniculate body 
and the ventrobasal complex is a feature of the brain of the primitive in- 
sectivores (41, 42). In carnivores the differentiation is somewhat clearer. 
However, while the lateroventrally placed principal division is delimitable 
with relative ease, the boundaries between the magnocellular division and 
the ventrobasal complex are quite uncertain (72, 115). These observations 
suggest that these two regions are joined by a transitional area through 
which a gradient of change of cellular morphology occurs. We include 
this transitional region in the posterior group of nuclei. 

How far posteriorly into GMm this transitional region extends it is 
difficult to know. As one proceeds more posteriorly GMm stands out bette1 
in cell preparations (see Fig. 3). In this sense it can be considered a cell 
grouping and from the available information it may be regarded as a 
differentiated part of the posterior group of nuclei (cf. Rose and Woolsey, 
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C. More posteriorly, at the level of the posterior commissure (see Fig. 3), 
the posterior group of nuclei occupies a region mediodorsal to the medial 
geniculate body, in the ventral portion of the lateral posterior-pulvinan 
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Fic. 2. This photomicrograph is of a section some 9004 posterior to that shown in ) 
Figure 1, at the antero-posterior level of transition between the ventrobasal complex, 
which is no longer seen, and the magnocellular portion of the medial geniculate body, 
the most anterior cells of which appear in the section. PO—posterior group of nuclei { of 
of the thalamus: LP—lateral posterior nucleus: GLD—dorsal nucleus of the lateral ; " 
geniculate body. Section 304; thionin stain: »¥ 8.5. a 
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system. It is bounded laterally by GLD and medially by the pretectal region. 
While these lateral and medial limits are clear, the dorsal and ventral 
boundaries are, at least for us, quite undefinable. The lateral division of 
this portion of the posterior group corresponds in large part to the posterior 
nucleus of Rioch (115). It is illustrated but not defined by Winkler and 
Potter (141) in their plate ¥ XIV. They describe as a n. posterior the dorso- 
medial portion of the pulvinar-posterior system, an area more commonly 
referred to as the lateral posterior nucleus. Other investigators include it in 
LP and in the medial geniculate body (72, Figs. 23 and 24; 74, Figs. 13 and 
15; 73, sections 250 and 270). The region which these workers label n. 
posterior is included only partially—we believe—in the posterior nuclear 
group. In particular, the caudal part of that nucleus is regarded by us as a 
portion of the pulvinar: the pars geniculata pulvinaris described by Rose 
(117) in the sheep and cat. 

The medial division of the posterior group at this level corresponds to 
the region usually defined as the suprageniculate nucleus. It has been recog- 
nized in a large number of different mammalian species, and displays 
throughout mammalian phylogeny a rather constant cytoarchitectural 
and topographical character. It has been pointed out before (41, 72, 115, 
132) that this structure merges without a clear boundary with LP on the one 
hand and with GMm on the other, and this is confirmed by our own ob- 
servations. 

At its caudal pole the posterior nuclear group occupies a progressively 
smaller area, orodorsal to the medial geniculate body, with which it fuses 
ventrally. 

The sections of Figures |, 2 and 3 are about 900, apart. The total antero- 


posterior dimension of the group is of the order of 2 mm. 


II. Fiber Connections of the Posterior Group of Nuclei 
of the Thalamus 
Experimental observations concerning the fiber connections of the pos- 
terior group of nuclei are few in number, and these are frequently contra- 
dictory. What is certain, nevertheless, is that afferent fibers of the somatic 
and auditory systems terminate within at least certain components of the 
group, and it is at least possible that connections with the visual system 
exist. It is known that axons of the cells of the posterior group project upon 
the cerebral cortex. The nature of that projection will be discussed below. 


1. Afferent Connections 


It is well known that the lateral portion of the ventrobasal complex 
of the thalamus is the main, indeed if it is not the only, region of termina- 
tion of fibers of the medial lemniscus (28, 43, 64, 92, 95, 113, 114, 133), and 
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Fic. 3. This photomicrograph is of a section some 900, posterior to that shown in 


Figure 2. The medial part of PO at this level is commonly defined as the supragenicu 


late nucleus, The magnocellular portion of the medial geniculate body reaches its full 
development here. The boundaries of PO with both the GMm ventrally and laterally 
and with the LP dorsally are not clearly demarcated. GLD—dorsal nucleus of the lat 
eral geniculate body; GMm—magnocellular division of the medial geniculate body; 
GMp—principal division of the medial geniculate body; LP—lateral posterior nucleus; 


PO—posterior group of nuclei; Pul—pulvinar. Section, 30,4; thionin stain; x 8.5. 
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that it is a major region of ending of the spinothalamic component of the 
anterolateral system as well (40, 43, 64, 65, 94, 132). These two systems 
terminate within this nuclear region in a detailed and precise topographical 
pattern. There is one major difference, that while the medial lemniscus, 
defined as those fibers originating from cells of the gracile and cuneate 
nuclei, is completely crossed in its projection, the spinothalamic tract 
contains a bilateral, though in the main contralateral, projection, relative to 
the side of the body considered. 

Several investigators have found that some fibers of the somatic sensory 
system terminate in the dorsal thalamus caudal to the ventrobasal complex. 
There is some disagreement, however, as to whether these fibers stem from 
cells of the spinal cord (spmothalamic), from those of the dorsal column 
nuclei (medial lemniscus), or from both sources. There is a considerable 
weight of evidence which indicates that some spinothalamic fibers termi- 
nate within the limits of the posterior group. Recently, Mehler et al. (94) 
have reported in cat and monkey that the lateral component* of the spino- 
thalamic tract terminates in part in the “so-called medial nucleus or pars 
magnocellularis of the medial geniculate body.” These findings are com- 
patible with earlier descriptions by Wallenberg (133) in the rabbit, and by 
Goldstein (66) and by Ariens Kappers in man (as stated in 14). 

On the other hand, Getz does not describe any termination of spino- 
thalamic fibers in the region of the medial geniculate in the cat (65), but 
has observed some fibers of this system to end in the lateral two-thirds 
of the more posterior part of the lateral thalamic mass. Clark (43) indicates 
that in the monkey this region receives some spinothalamic fibers, while 
Papez (111) and Winkler (140) held it to be the principal terminus of the 
system. 

Some investigators, however, have not observed any termination of 
spinothalamic fiers caudal to the ventrobasal complex (40, 64, 152). It is 
of particular importance, therefore, to note that these authors described 
the spinothalamic fibers to end more posteriorly in what they defined as 
the ventrobasal complex than do those of the medial lemniscus. The two 
sets of observations are not incompatible. 

It seems reasonable to conclude that the spinothalamic tract, as it passes 
along the ventromedial aspect of the magnocellular portion of the medial 
geniculate en route to its principal termination in the external portion of 

rhe medial component of the spinothalamic tract is represented by those fibers 
of the anterolateral system which terminate in certain intralaminar nuclei of the thal- 


amus (12, 27, 43, 64, 65, 93, 94). Comparative anatomical studies lead to the conclusion 
that this medial component, which is of remarkable phyletic constancy, represents a 
paleo-spinothalamic pathway distinct from the laterally located classical spinothalamic 
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the ventrobasal complex, terminates in part within the magnocellular 
division, and thus within the confines of the posterior group. What is far 
from certain, however, is the total extent of this more posterior termination, 
and the form of the synaptic impingement of its fibers upon the cells of 
the region. This is of particular importance, for the observations which 
we will describe below indicate that the region occupied by cells whose 


functional properties we have defined as those of the posterior group is 
somewhat larger than the posterior region of termination of the spino- 
thalamic tract, as indicated by the anatomical studies of Mehler and his 
colleagues (94). 

The characteristically bilateral termination of the spinothalamic system 
is most marked in the posterior group, and in the intralaminar nuclei, 
while its termination in the ventrobasal complex is predominantly (but 
not entirely) contralateral, with respect to the body surface. 

Within the ventrobasal complex the spinothalamic terminals are ar- 
ranged in a somatotopical pattern quite similar to and overlapping that of 
the lemniscal projection (40, 43, 65, 94, 132). A certain topical arrangement 
is suggested by Mehler et al. (94) for the terminals of the spinal afferents 
in the GMm, but Getz recognized no clear cut pattern in the “posterior 
part of the lateral nucleus” in the cat (65). There is general agreement that 
the spinothalamic projection to the intralaminar nuclei has no topical 
organization. 

Occasionally authors have indicated that fibers of the medial lemniscus 
end also within the posterior group of nuclei: in the nucleus posterior 
(71, 115, 116); in the posterior part of the lateral nucleus (8, 114, 115, 116); 
and possibly also in the suprageniculate nucleus (115, 116). The evidence 
that the fibers described did in fact belong to the medial lemniscus is, how- 
ever, indirect. They were described either in normal material, or in Marchi 
material following lesions which cannot be said to have left the antero- 
lateral system unscathed. The limitations of these methods were recognized 
by all who used them, and more recent studies using the silver impregna- 
tion method have not revealed any lemniscal fibers terminating in the 
dorsal thalamus outside the ventrobasal complex (28, 95), while they do 
show such other major terminations for the spinothalamic system, as indi- 
cated above. 

As far as we are aware there are no descriptions of first order visual neu- 
rons reaching the posterior group of nuclei, and indeed no fibers of retinal 
origin appear to terminate outside the lateral geniculate body (17, 24, 41, 
110, 116). Connections between the lateral geniculate and other thalamic 
nuclei are generally denied (17, 44), and the retino-geniculo-thalamic 
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lar pathway recently indicated by Bishop and Clare (24), from physiological 
far ff observations, does not relate to the posterior group. 
on, Little is known of the termination of the auditory system in the thalamus, 
of § and the matter is complicated by the difficulty in homologizing the ele- 
ich § ments of the medial geniculate body in different animals (42). What evi- 
OSE dence there is indicates that the thalamic termination of the auditory 
) As system is restricted to this region. Intrathalamic connections between the 
80- medial geniculate body and the nuclei of the posterior group (the supra- 
his geniculate in particular) have been described by Rioch (116) and others in 
normal material, but the matter requires further study. 
Mm The importance of the question of the extra- or trans-geniculate thalamic 
el, projection of visual and auditory systems is apparent from the recent work 
ut of Buser et al. (34, 35), to which later reference will be made. 
Connections of the nuclei of the posterior group with cell groupings of 
ar- the brain stem, or with other thalamic nuclei, are virtually unknown. 
of Although recently numerous fibers from the reticular formation and other 
nt brain-stem nuclei projecting rostrally to the caudo-medial part of the 
its thalamus have been described, no definite proof has been given of connec- 
or tions between those structures and the posterior thalamic region (30, 95, — 
at 125). 
al 


III. Cortical Connections of the Posterior Group of Nuclei 


US of the Thalamus 

™ In contrast to the well documented fund of information concerning the 
me ° - “oc 

); cortical connections of what are usually termed the specific sensory relay 
ce 


nuclei of the thalamus, the cortical connections entertained by the pos- 


terior group of nuclei are still somewhat uncertain. What is clear, at least, 
ni is that all of its parts degenerate following a complete removal of the neo- 
™ cortex’, that is, this region is a cortical dependency. In this sense, and in 
d this limited sense only, the posterior group is quite comparable to its 
“d neighbors the ventrobasal complex and the geniculate bodies. How it may 
= differ has been indicated recently by Rose and Woolsey (122) who, in view 
io of their own experimental fiadings relating to this region, have put for- . 
i- ward the new concept that all connections between dorsal thalamic nuclei 
‘In view of the discordant reports about the cortical dependency of the nuclear 
ai groupings of the posterior group and in particular concerning the suprageniculate 
il nucleus (16, 89, 127, 134) we have re-examined a series of cats prepared by Bard and 
a Mountcastle (15) for another study (cats nos. 1], 16, 41, & 46). We have confirmed the 
c observations of Rose and Woolsey made in both the rabbit and the cat (121, 122) that 
: the entire posterior group of nuclei degenerates after a complete removal of the neo 


cortex. 
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and cortex are not of the same nature. They have defined two types: 
essential and sustaining projections. In their own words: “...a cortical 
area receives an essential projection from a given thalamic nucleus if de- 
struction of such an area alone causes marked degenerative changes in the 
nucleus in question. On the other hand, if two cortical areas are considered, 
and if destruction of neither of them leads to degenerative changes in a 
thalamic nucleus or to only slight alterations, but if a simultaneous destruc- 
tion of both causes a profound degeneration of this thalamic element, we 
shall say that both areas receive sustaining projections from this nucleus.” 
Chey also discuss in some detail the probable nature of these two types of 
thalamo-cortical connections. 

It may be concluded from the results of Rose and Woolsey (122) and from 
the studies of Diamond, Neff and Chow (52, 53) that the magnocellular 
division of the medial geniculate body projects in a sustaining fashion 
upon a wide constellation of cortical fields which are concerned with audi- 
tion (AI, AII, Ep and temporal and insular fields). Thus this region may 
continue to convey to some of those fields impulses evoked by sound after 
retrograde degeneration of a large part of the principal division of the 
medial geniculate body. 

What is more important in the present consideration is the demonstra- 
tion that the more anterior portion of the posterior group projects in a 
sustaining fashion upon the second somatic area of the cortex (122). The 
importance of this point is in relation to the remarkable similarity between 
the physiological properties of the posterior group of nuclei and those 
recently described for the second somatic area of the cortex (39). The 
anatomical investigations of Macchi et al. (88) are in harmony with these 
findings insofar as they indicate that “the caudal tip of VPM projects 
principally to area SII’. However, the latter workers conclude that other 
sectors of the ventrobasal complex project upon the anterior ectosylvian 
gyrus and that this projection may have a topical distribution similar to that 
of this nuclear complex upon the first somatic cortical area. Such a projec- 
tion, at least as an essential one, is not apparent from the work of Rose and 
Woolsey (122) who reported that isolated lesions of SII were followed by 
only inconstant focal degeneration in the posterior sectors of the ventro- 
basal complex of the thalamus. These changes have been conservatively 
interpreted by these investigators to have resulted from subcortical damage 
to the fibers destined for the first somatic area. The illustrations of Macchi 
et al. (88) suggest to us that areas of cortex adjacent to the anterior ecto- 
sylvian gyrus may have been damaged by their lesions, and the question of 
whether the second somatic field receives an essential projection from the 
ventrobasal complex must be left undecided for the present. 
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eS: No well established facts are available concerning the more dorsal por- 
cal tion of the posterior group. The observations of Rose and Woolsey (122) 
de- indicated that it projects in a sustaining fashion upon the cortical fields 
the concerned with audition. This observation is not at all contrary to those 
ed, — of older workers who indicated that in the cat this region may project 
la upon portions of the suprasylvian gyrus, and recent physiological evidence 
uc- (5, 6, 10, 34, 35) indicates that this so-called “association cortex”’ is poly- 
we sensory in nature, and includes among its inputs one from the auditory 
$.° system. 
of 
METHODS 
ym Microelectrode experiments were made in more than 35 cats, which varied in weight 
lar from 2 to 3 kg. Of these, 21 experiments were successful, and in 15 serial sections were 
on made of the brains. The selection for sectioning was based upon the completeness of 
di- the experiments, and the observations made in the 6 not sectioned were in no way dif- 
av ferent from those in the 15 sectioned. The data described below pertain to these 15, 
Mi and the location in the brain of each neuron which has entered the populations de- 
= scribed has been determined as exactly as possible. 
he rhe animals were anesthetized initially with 30 mg./kg. sodium thiopental, given 
intraperitoneally. As the resulting anesthetic state began to lighten, in | to 2 hours, 
fa- a regime was instituted of alternating intravenous injections of small amounts of thio- 
a pental and a neuromuscular blocking agent, either d-tubocurarine chloride or Flaxedil® 
he (gallamine triethiodide). Respiration was maintained with a pump when necessary. 
The intermittent recovery from the neuromuscular block, at intervals of 20 to 40 
-” minutes, allowed an assay of the anesthetic state, and the amount of the succeeding 
Se injection of thiopental was adjusted accordingly. The animals were maintained in as 
he light a state of anesthesia as possible. Particular attention was paid to the body tem 
Se perature, and the deep core temperature was maintained close to 38°C. Experience 
ts led us to maintain the skin temperature in the normal range as well. Small amounts 
of 0.9 per cent sodium chloride solution were given after each drug injection. This 
= apparently sufficed to maintain fluid balance, for urination occurred spontaneously 
mn every 4 to 6 hours. 
at |. The Method of Recording. The electrodes used were indium filled micropipettes 
C- whose 2-4y tips were electrolytically plated, first with gold and then with platinum 
id black (54). They were oriented over and passed into the brain by a Horsley-Clarke in 
yy strument (Baltimore Instrument Co.) fitted with a microdrive allowing movements of 
3-4. The electrodes were lowered through a skull opening and into the brain, after 
” removal of the pia-arachnoid membranes and outer layers of a small area of the cortex, 
ly to prevent tip breakage. In many of the experiments penetrations were first made into 
ye VB and subsequently more posterior ones made into PO. This permitted us to compare 
i the functional properties of the neurons of the two regions in the same experiment. 
p- Variations in electrical potential occurring between the electrode tip and the 
if distant surround were led through a cathode follower of 0.5 gain to a Tektronix 
capacity coupled low-level amplifier, model 122. The amplified changes were displayed 
le by a custom made cathode ray oscilloscope. Photographic records were made with a 
Grass kymograph camera from the face of a second cathode ray tube driven in parallel. 
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With open filters the entire system from electrode tip in brain to face of the CRT 
shows a frequency response which is decreased by 3 db at 10 cps and 14,000 cps at the 
low and high ends, respectively. A variety of high and low band pass filters was available, 


but recordings generally were made with the low frequency response cut at 200 cps. 
The oscilloscope used has a wide range of display patterns, sweep expander properties, 
etc. 

2. Methods of Stimulation. Hairs and the skin surface were stimulated with smal] 
brushes, blunt rods, air jets, or with electrical pulses delivered through pairs of small 
needles thrust into the skin. Joints were rotated by hand. Stimuli considered by us to 
be noxious were pin prick or cutting of the skin, pinching it with toothed forceps, 
or vigorous kneading of the periosteum. Such stimuli regularly evoked a vigorous 
flexion withdrawal in our lightly anesthetized animals, when no neuromuscular block- 
ing agent was used. For electrical stimulation, the stimulating and timing circuits per- 
mitted a wide range of pulse patterns. 

3. Identification of the Action Potentials of Single Neurons. The electrical signs of 
the impulse discharges of single neurons observed in this manner have been described 
in some detail in earlier publications (103, 119). Similar criteria for the identification of 
single neural elements have been used in the present study. In general all our ex- 
perience has shown that it is the initially negative spike potential, thought to be re- 
corded at some distance from the neuron soma, which is the most reliable for study, 
and is thought to derive from the elements the least damaged by the recording electrode. 
Farther advance of the electrode, while still in an extracellular position, frequently 
leads to an inversion of the initial deflection of the cellular action potential. We have 
studied many such positive going action potentials in this series of experiments, but 
have always been wary for the signs of cellular damage which frequently accompany 
this inversion of initial sign (103). Neurons clearly damaged were abandoned. 

he films were projected at 15 magnification for study. The ongoing frequency of 
neural activity was determined by counting the number of action potentials occurring 
in each short interval of time (100, 200, or 400 msec.); these numbers were then con- 
verted to and plotted as the running average of impulses per second. 

The study of two or three of the different neurons contributing their action po- 
tentials of different heights to multiunit records has been greatly facilitated by a dif- 
ferential amplitude discriminator circuit. It provides a “potential window” whose two 
levels can be placed at any desired position. The action potentials entering and reach- 
ing their peaks (and thus reversing) within the window are selected, further amplified, 
shaped, and presented to a second channel, and to counting circuits. Action potentials 
of greater amplitude, passing through both levels of the potential window, are rejected 
from this second record, as indeed are those which are so small they do not reach the 
lower edge of the window. This rejection of the larger action potentials is accomplished 
by a combination of two biased Schmitt triggers leading to a subtractor circuit con- 
nected to cancel signals appearing simultaneously at the outputs of the two Schmitt 
triggers. The output of this circuit thus shows only the action potentials whose peaks 
are placed between the two levels. Successive placement of the window levels allows 
the seriatim study of up to three different units in the same record. 

3. Anatomical Studies. At the end of each of 15 experiments deemed sufficiently 
complete to warrant anatomical study, the calvarium and dura were opened widely, 
and the head placed in 10 per cent formalin solution. Several days later the head was 
once again placed in the Horsley-Clarke instrument, and the brain cut well in front 
of and behind the thalamus, in the Horsley-Clarke frontal plane. The block of tissue 
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containing the thalamus was put in fresh formalin for several days, then embedded in 


paraffin or celloidin and subsequently sectioned at 20 or 30, intervals. Every section 
was mounted, and stained with thionin. The sections containing any portion of an 
electrode track were then photographed by the direct positive method, 15x fresh 
tissue size. Detailed study of the sections under the high power microscope made it 
possible to determine with what we believe was considerable accuracy the bottom of 
each electrode track. The thin electrode track was frequently only made visible as a 
shadow effect caused by introducing an opaque edge sideways into the optical path 
of the illuminating system, below the condenser stage. The tracks were then recon- 
structed on the photographs, and notations inserted of the positions at which single 
neurons had been isolated and studied, and at which multiunit records of one type 
or another had been observed. Serial sections of the brains of normal cats, stained for 
either cells or fibers, and cut in either the coronal or the sagittal plane, were available 


for study. 
RESULTS 


In the 15 experimental brains, 54 microelectrode penetrations were 
made, and their tracks were reconstructed on photomicrographs. Nine of 
these yielded no data of value: in 2 the electrode was faulty, and 7 passed 
either lateral to the thalamus or were too shallow to reach it. In the re- 
maining 45 penetrations, 295 neurons were isolated and studied. ‘They were 
located as follows: 150 in the posterior group of nuclei, 87 in the ventro- 
basal nuclear complex, 48 in the geniculates, and 10 in the pulvinar. The 
electrode passed many times through the pulvinar, the geniculates or the 
ventrolateral nucleus dorsal to VB, but no detailed study of these regions 
was made. 

We encountered great difficulty in isolating the electrical signs of the 
action potentials of one PO neuron from those of another. ‘This was due at 
least in part, we believe, to the small sizes of most of the cells of this region 
(see Fig. 2 and 3). For this reason we have found it helpful to take into 
account the multiunit recordings. Observations made when the electrical 
signs of the action potentials of 2, 3, or 4 neurons are present in the record 
simultaneously increase tremendously the ratio of the observed sample to 
the total number of cells potentially observable in any given electrode 
passage. Such multiunit records proved to be especially valuable in making 
correlations with morphology, as will appear from our illustrations. Never- 
theless, when the functional properties of a neuron are to be examined in 
some detail and established beyond question, isolation is a rigid require- 
ment. The pulse amplitude discriminator circuits have made this isolation 
somewhat easier. 

We wish firstly to summarize the functional properties of the cells of 
VB, and then to describe the properties of the cells of PO, as regards the 
topography of their receptive fields, the pattern of representation of the 
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body form within this region, the modes of the adequate driving stimuli 
for its cells, and their discharge patterns. On each count these properties 
of the anterolateral system will be compared with those of the lemniscal. 
Finally, we will present a correlation between the physiological observa- 
tions and thalamic morphology. 


PROPERTIES OF THE LEMNISCAL TRANSFER REGION OF THE 
FHALAMUS: THE VENTROBASAL NUCLEAR COMPLEX 


Considerable information is now available concerning the topography of 
VB, and the functional properties of its neurons, which has been detailed 
in a number of publications (104, 10, 118, 119, 120). Our present ob- 
servations have confirmed these facts in animals studied at a variety of 
anesthetic levels. We do not intend to present these data in detail. They 
can be summarized as follows. 

1. ‘he contralateral body surface is represented in VB as a complete 
though distorted image of the body form. The pattern is filled with detail, 
but the relation between periphery and thalamic center is still one of point 
to area and, reciprocally, area to point. The volume representation of a part 
is related to its effectiveness as a tactile organ, i.e., to its innervation density. 

2. Each neuron of VB is related to a restricted, specific and unchanging 
receptive field of the contralateral side of the body. Within each receptive 
field (for cells related to the skin) the potency of a given locus for excitation 
of the thalamic cell varies from a maximum near the center to a minimum 
near the edge of the field. Each neuron of VB which is responsive to 
mechanical stimulation of the periphery is place specific. An example of 


this pattern is shown by the results obtained in a microelectrode penetra- 
tion of VB, illustrated in Figure 4. The reconstruction to the left shows 
that the electrode passed through VB, pars externa, and that cells activated 


by somatic sensory stimulation were encountered throughout the passage 
through that nucleus. The pattern of representation is shown by the fig- 
urine to the right, and the receptive fields for the 4 units isolated are indi- 
cated. Even when the record contained the signs of several neurons the 
receptive field for the group as a whole was limited, and fits the pattern of 
representation. 

3. Each VB neuron can be activated by either superficial mechanical 
stimulation of the skin, or by mechanical distortion of such deep tissues as 
fascia or periosteum, or by joint rotation, but not by more than one: VB 
neurons are modality specific. The first group is thought to contribute 
to the sensory perception of light touch-pressure, the third to kinesthesis 
and position sense. The role of the second in deep sensibility is uncertain, 
but it must contribute to touch-pressure. 
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1. Each of these groups of cells—‘‘cutaneous” or “deep’’—can be further 
subdivided in terms of the response of each cell to steady stimuli. Large 
numbers of them respond with short trains of impulses to either transient o1 
to steady stimuli, adapt quickly to the latter, and may respond again with 





TUTTE 








53-Pi 


Fic. 4. Representation of the data obtained in a microelectrode penetration which 
passed through the ventrobasal nuclear complex of the thalamus (53-P1). The recon- 
struction of the penetration is represented by the drawing to the left; in the region 
marked by a thick line neurons were observed which were activated by somatic sensory 
stimuli delivered to the contralateral side of the body. In the drawing to the right the 
expanded scale (50p intervals) represents the responsive region of the ventrobasal com 
plex. The areas indicated by lines and shading on the figurine drawing of the cat indicate 
the positions and extents of the peripheral receptive fields of the neurons observed; at 
the positions marked f, g, and i neurons were isolated which were activated by light 
mechanical stimuli delivered to the skin. At position / a neuron was isolated which was 
activated by gentle rotation of the metacarpo-phalangeal joint of the third toe of the 
contralateral forefoot. The other fields represented are those of the several neurons ac- 
tive together at the levels indicated. The entire sequence of receptive fields is typical of 
the precise topographical pattern of representation of the contralateral body surface 
in the ventrobasal nuclear complex. 


its removal. Many others respond to steady stimuli with sharp, high-fre- 


quency onset transients, decline to a more-or-less steady frequency of dis- 
charge during the steady stimulus, and show a dead-beat drop of frequency 
to the “resting” level with removal of the stimulus. In the steady state the 
frequency of the discharge of such neurons is a function of the intensity of 
the stimulus, i.e., the amount of skin pressure, or the joint angle relative to 
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the maximally excitatory joint angle. The combined action of cells with 


these different adaptive properties can then depict the steady state of the 
periphery, as well as transient changes. 

5. Single brief stimuli to the skin produce short high-frequency trains 
of impulses in VB neurons of the cutaneous class. The probability that a 
response will occur, its latency, and the number and frequency of the im 
pulses in the response are all influenced by the intensity and frequency of 
the stimulus, and by its position in the receptive field, as well as by the 
immediate past history of the cell. Since the full range of response can be 
obtained by the interplay of position, intensity and frequency of the stimu 
lus, it is clear that the position of the stimulus, i.e. place, is not likely to be 
coded in terms of the temporal pattern of impulse discharge. 

6. It isthe temporal capacity of the system which is most severely affected 
by deep anesthesia, and in this condition the neurons of VB show very pro 
longed recovery cycles. Under lightening anesthesia these are shortened, 
and in the lightest state activation of the system by a single stimulus is 
followed by a 30-50 msec. period of very strong temporal facilitation. 
When repetitive trains of supramaximal stimuli are delivered to the centet 
of the peripheral fields, VB neurons follow to rates greater than 100 pet 
second. Two conclusions follow: (a) the central neurons of the system can 
follow at rates which are of the same order of magnitude as the normal 
input frequencies of first order afferents of the dorsal roots, and (b) the 
synaptic security of the system is so great, and temporal facilitation so 
strong, that the threshold for the discharge of impulses in VB neurons, and 
hence of cortical activation, is likely to be determined by the threshold 
of the peripheral receptors themselves. 

These properties of the system have been observed also at the cortical 
terminus of the lemniscal system, the postcentral homologue (101, 103, 106, 
107, 112), and indeed the properties of its neurons are quite similar at each 
level. It is a system tuned for action in rapid tempo, and capable of pre- 
senting at the cortical level patterns of neural activity which are most 
sensitively determined by the temporal and spatial properties of the periph- 
eral stimuli. The VB complex should not be considered a simple relay, 
however, for there is some evidence that other systems may condition its 
activity (13, 76, 86, 87). An important problem yet unsolved is to determine 
in quantitative terms the exact transformation of neural activity across this 
synaptic region, for it is unlikely to be linear. 

We have presented this summary without explicit documentation in this 
place so that we may compare the properties of the lemniscal transfei 
region with those of the posterior group of nuclei, which appears to receive 
its major somatic afferent inflow from the spinothalamic component of the 
somatic afferent system. 
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THE PROPERTIES OF ONE SPINOTHALAMIC TRANSFER REGION Ol 


PrHE THALAMUS: THE POSTERIOR GROUP OF NUCLEI 


Phe results obtained are epitomized by a description of the observations 
made in one penetration of PO. This track is reconstructed to the left of 
Figure 5, which shows that the electrode passed through the posterior third 
of the area. The symbols indicate that the electrode first traversed a region 
in which cells activated by sound and those sensitive to somatic sensory 
stimulation were mixed, more or less indiscriminately. In the lowest 550, 
of the passage only cells of the latter type were encountered. The figurine 
drawings to the right of Figure 5 show the peripheral receptive fields of the 
cells sensitive to somatic stimulation. It is clear that these cells may be 
driven by diverse types of stimuli, that their receptive fields are very large, 
and that there is no clear pattern of representation of the body form in this 
region. We will describe these properties in more detail, as well as others 
not illustrated by the results of this particular penetration. 


\. The modality properties of PO neurons 


One characteristic feature of the cells of PO is that a majority of them 
can be activated only by peripheral stimuli which may reasonably be re 
varded as destructive of tissue. The stimuli employed were such as to 
produce withdrawal-escape or vigorous attack in waking animals, active 
flexion and respiratory reflexes in lightly anesthetized cats, and overt pain 
in humans. Seventy-one of the 123 neurons sensitive to somatic stimulation 
which we have studied were of this class (see Table 1). Some of these re 
sponded to pin-pricks or shallow cuts of the skin, but to no form of 
reasonably gentle mechanical stimulation, delivered to the same skin areas. 
Other neurons which we have classified as nociceptive responded only to 
heavy compressions of the limbs, or to kneading of the periosteum, and 
were not activated by any form of stimulation—mechanical or noxious- 
delivered to the skin. We have never observed a PO neuron which re 
sponded to gentle rotation of a joint, a property characteristic of a large 
eroup of VB neurons. The remaining 52 PO neurons could be activated 
by gentle displacement of hairs, or by light skin pressure. In this property 
they resembled VB neurons. However, only 8 of the 52 were related to 
restricted and specific contralateral peripheral receptive fields, in the VB 
manner. As Table I indicates, 23 of the 52 had stocking-like fields on one o1 
both contralateral limbs, and the remaining 21 could be driven by stimuli 
to either side of the body. 

\ second and very striking feature of PO neurons is that the adequate 
driving stimulus is in many cases not specific, as are those for the cells of 


VB. In 12 instances we studied cells which could be activated by light 
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Fic. 5. Representation of the data obtained in a microelectrode penetration which 
passed through the posterior nuclear group of the thalamus (47-P4). The reconstruction 
of the penetration, made from study of the serial sections, is depicted by the drawing 
to the left. In the region marked by the heavy line active and drivable neurons were 
observed which displayed the “posterior group properties” described in the text. The 
responsive region is indicated by the expanded scale (20, intervals) shown to the right. 
1’s indicate levels at which neurons were isolated which were activated only by sound. 
Figurine drawings | through 9 show the peripheral receptive fields of cells which were 
activated by light mechanical stimuli delivered to the body surface, whereas the cells 
whose receptive fields are shown by drawings 10 and 11 could be activated only by 
stimuli which were destructive of tissue. It is important to note, in contrast to the data 
shown in Figure 4, that here the sequence of receptive fields composes no topographical 
pattern. In other penetrations of the posterior group the auditory, nociceptive, and 
mechanoreceptive cells were indiscriminately mixed in the dorso-ventral direction. 


mechanical stimulation of one part of the peripheral receptive field, and 
only by destructive stimuli to another part, and this phenomenon has been 
observed for many other cells not sufficiently well isolated for study. 
Neuron 48-2 provides a typical instance. Its peripheral receptive fields 
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are shown in Figure 9 (48-cc). The cell could be activated by hair move- 
ment or light skin pressure from stocking-like receptive fields on each of 
the four extremities. ‘These response patterns are illustrated in Figure 6. 
On the ipsilateral side, as the stimulus was moved upward beyond the 
proximal edges of the mechanoreceptive field, it was found that forceps 


rABLE I 
The Location and Extent of the Excitatory Peripheral Receptive Fields for Cells of the Posterior Nuclear 
Group of the Thalamus, Correlated with the Optimal Driving Stimulus for Each 


Skin TP | Skin N¢ Deep NC Totals 
I. Contralateral receptive fields 
a. Contra forelimb, stocking-like 19 0 4 23 
b. Contra hindlimb, stocking-like ] 0 9 10 
Contra limbs, with some parts of body 
or face 3 0 0 3 
d. Contra fields, restricted and specific 8 l 0 9 
Potals 3] ] 13 45 
Il. Lpsilateral receptive fields 
a. Ipsi forelimb, stocking-like 0 ] 2 5 
b. Ipsi hindlimb, stocking-like 0 ] ] 2 
c. Ipsi limbs, and part of ipsi body or face 0 l 3 + 
Totals 0 3 6 9 


III. Bilateral receptive fields 
a. All four limbs, with or without body 
parts 14 14 17 45 
b. Symmetrical pair of limbs, with or with- 


out face or body 5 3 8 16 
c. One entire side, and one limb of the 
other side ] ] ] 3 
d. Tail only l 0 4 5 
Totals 21 18 30 69 
Overall Totals 52 22 49 123 


'P—Touch-Pressure ; NC—Nociceptive. 


pinches and pin-pricks were potently effective in producing responses of 
the cell, while brush movements or air jets were no longer adequate. ‘This 
is illustrated by the records and charts of Figure 7. 

Not only are many PO cells polyvalent with respect to such different 
forms of somatic sensory stimuli, but some can be activated by auditory or 
vibratory stimuli as well. It was a common observation that neurons re- 
sponsive to either noxious or light mechanical stimuli to the skin of the 
body were also activated either by brief clicks or by more complex sounds. 
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Nine such neurons were studied in some detail. Occlusion between somatic 
and auditory inputs was the common observation, and summation of re- 
sponse occurred rarely. Many PO neurons activated by mechanical stimuli 
of distant body parts were insensitive to acoustic stimuli but could be 
activated by mechanical stimuli to the bone of the head (and frequently 
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Fic. 6. The data presented here were obtained during the study of neuron 48-cc-2, 
which was located in the posterior nuclear group of the thalamus. Its receptive field is 
indicated by a figurine drawing shown in Figure 9. The cell could be driven by light 
mechanical stimulation of each of the four limbs, and by nociceptive stimulation of 
the ipsilateral trunk, body, and proximal limbs, at which sites light mechanical stimu- 
lation was ineffective. The family of impulse frequency vs. time curves to the left plots 
the responses evoked by steady light skin pressure to each of the four limbs; the stimu- 
lation periods are indicated by the lines above. The records obtained during stimu- 
lation of the two forelimbs are reproduced below (records 2 and 4). The family of 
curves to the right plots the responses to three steady stimuli delivered to the ipsilateral 
forepaw, at intervals of 5 minutes. They illustrate the remarkable reproducibility of 
response pattern observed for this cell. After a period of observation, the spike poten- 
tial of this cell reversed its initial sign, as shown by the lowest record, Ip. but showed 


no other change in its properties. The neuron was observed for 40 minutes. 
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ic | only on one side) which suggests, with of course no proof, that vestibulat 
th activation was effective in producing the responses. Finally, many neurons 
Li located within the confines of PO were sensitive only to acoustic stimuli, 
re «CF 
ly (unit 48-2) 
| STEADY PINCHING 
' ee ae a a a ee ee al 2 REPETITIVE PIN PRICK 


80Fr me sas ‘ 3 STEADY AIR STREAM 
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is 
it 
f Fic. 7. Further study of neuron 48-cc-2. Records 1 and 2, shown below, were ob- 
Z tained during nociceptive stimulation of the ipsilateral flank. Record 3 was obtained 
P during stimulation of the same body region with a steady stream of air. The impulse 
. frequency vs. time charts shown above indicate that the neuron was responsive to the 
. first but not to the second form of stimulation. The neuron was sensitive to light 
f mechanical stimuli delivered to other portions of its receptive field (see Fig. 9). 
1 
f ’ 


and we have studied 24 of them in some detail. These were frequently 
1 intermingled in an almost random fashion with those responding only to 
somatic stimuli and with those responding to both. 
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[hese forms of modality interaction were not the only ones observed. 
While we have not yet employed discrete thermal stimuli delivered to the 
skin, in the absence of a simultaneous mechanical stimulation, we have 
observed a remarkable effect of skin temperature upon the excitability of 
PO neurons. We have observed a drop in skin temperature, with a steady 
deep core temperature of 38°C., to produce a profound reduction in the 
spontaneous activity of PO cells, and a complete loss of their drivability 
by somatic stimuli. Both forms of activity then re-appear upon warming 
the skin. We have so far not made a quantitative study of this phenomenon. 
It can be interpreted as a central effect produced by the changing frequency 
of discharge of thermosensitive cutaneous afferents, or as a sign of a periph 


rABLE II 
Correlations Between the Modality Types, the Receptive Fields, and the 


Anatomical Locations of 
Neurons of the Posterior Group of Nuclei 


2 =|2/2)| » B/2/2)| -« 

~|a|/8| 2 a/ai4| é g\2,2) 2 

A 11 | 0 8 19 A 4 4/11 19 I | 31 1 3 15 

B 18 | 9} 38 65 B | 16) 14} 35 65 II 0 3 6 9 

C 16 | 0) 23 39 Cc | 32 + 3 39 III | 21 18 30 69 
fe .| 45 | 9} 69 123 52 | 22 | 49 123 52 | 22 49 123 


A, B, and C are the three arbitrary A-P divisions of the posterior group of nuclei. 
I, II, and III are the three types of receptive fields described in Table II. 
Skin TP, Skin NC, and Deep NC refer to the three modality types described in the text. 


eral effect upon other cutaneous receptors. In either case it suggests again 
the unspecific modality properties of PO neurons. 

The figures of Table II indicate that the property of response to noci- 
ceptive stimuli is strongly correlated with large bilateral receptive fields, 
and that neurons sensitive to light mechanical stimuli which are not 
noxious in nature are more likely to be found in the posterior third of the 
region. 

In summary, whereas the cells of VB are responsive to highly specific 
mechanical stimuli delivered to the skin, those of PO are in the majority 
sensitive to noxious stimuli. While VB neurons are modality specific, those 
of PO may be responsive to very diverse types of stimuli, and frequently 
the same cell may respond to light mechanical stimulation of one part of 
its receptive field, to noxious stimulation of another part of the field, and 
to auditory or vibratory stimuli as well. PO neurons are not modality 
specific, and they frequently are responsive to stimuli which, when applied 
in man, are provocative of pain. 
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Bb. Topographic properties of PO neurons 
Che lack of topographic representation illustrated by Figure 5 is typical 
of our total experience, and in no single one of the penetrations of PO have 
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Fic. 8. The electrical signs of the impulse discharges of neurons 50-7 and 50-8 were 
observed simultaneously, at the same recording position within the posterior nuclear 
group. The first was responsive to light mechanical stimulation of the preaxial side 
of the ipsilateral forepaw (solid black), and to noxious stimulation delivered to a much 
larger field covering most of the ipsilateral foreleg (heavy stripes). ‘The second cell, 
however, was activated by light mechanical stimuli delivered to the base of the tail and 
the postaxial side of the contralateral hip and hindleg. The graphs indicate the re- 
sponse patterns of the two cells when stimuli were delivered first to the ipsilateral fore- 
foot (A), and then to the other receptive field (B). No interaction was observed. The 
very wide separation of the two receptive fields illustrates the lack of topographic pat- 


tern of representation of the body surface within the posterior group of nuclei. 


we observed an orderly sequence of the receptive fields of its neurons. 
In fact, it is a common event to observe two cells, whose action potentials 
are present simultaneously in the record, to be related to receptive fields 
that are very widely separated on the body. An example is given in Figure 
8, which shows the receptive fields of two adjacent cells. Neuron 50-7 was 
polyvalent, responding to light mechanical stimuli to the ipsilateral fore- 
paw, and to noxious stimuli over a larger field covering most of the foreleg. 
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Neuron 50-8, on the other hand, was unaffected by such ipsilateral foreleg 
stimuli, but was sensitive to light mechanical stimulation of the postaxial 
side of the contralateral hindleg, and the base of the tail. No interactions of 
any kind were observed. 

The data of Table I indicate the great variety of the locations and 
extents of the receptive fields of PO neurons. Of the 123 cells, 69 had 
receptive fields covering parts of both sides of the body, and 45 of these 
fields extended to all four limbs. Forty-five other cells had fields restricted 
to the contralateral side of the body, yet only 9 of these had restricted and 
specific fields of the VB type. Thirty-three of these 45 had stocking-like 
fields covering one entire contralateral limb, and 3 of these covered both of 
the contralateral limbs. Only 9 cells were observed whose receptive fields 
were restricted to the ipsilateral side of the body. Each field described is 
the maximal extent of the field for each unit which was determined while 
it was under observation. How the receptive fields may change in size is 
indicated below. 

Eight examples of bilateral receptive fields are shown in Figure 9. Each 
of these neurons was activated by stimulation of the skin: 5 by light 
mechanical stimuli, 2 by noxious stimuli, and | was responsive to either, 
with different receptive fields for each form of stimulation. In 4 of the 
cases shown the receptive fields were discontinuous in distribution, and this 
has been a common observation. In contrast, we have never observed a 
discontinuous receptive field for a cell of VB. The figures of Table II indi- 
cate that (a) such large bilateral, frequently discontinuous, receptive fields 
are positively correlated with the nociceptive modalities, and (b) are found 
for cells distributed throughout the full extent of PO. 

In one other aspect the cells of PO are so different from those of VB as 
to deserve special comment. That is, their extreme susceptibility to the 
conditions of the experiment. Some mention has been made of the effect of 
skin temperature upon the excitability of PO neurons. However, it is in 
relation to the depth of anesthesia that the most extreme variability is 
observed. With very slight changes in anesthetic level very wide receptive 
fields may shrink, for example, from one covering the entire body to one 
covering but a single limb. On the other hand, we have frequently seen the 
reverse. That is, units which when first isolated subtend limited receptive 
fields may, with the passage of time and lightening anesthesia, become re- 
sponsive to stimuli delivered within very large and frequently bilateral 
receptive fields. It is because of this effect of anesthesia, in reducing field 
size, that we suggest that in the unanesthetized state a large percentage of 
PO neurons are likely to be drivable from any place on the body. This 


variability may be due to oscillating levels of supraspinal control of synaptic 
transmission at the segmental level. 
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It is not only the topography of receptive field that is so affected by the 
anesthetic agent, for we have commonly observed polyvalent neurons to 
lose their multiplicity of responsiveness with further small injections of 
thiopental. Such an injection may wipe out entirely the nociceptive field 
and shrink the mechanoreceptive one. Further, such injections render many 
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Fic. 9. A representative sample of the receptive fields of neurons of the posterior 
nuclear group of the thalamus. Five of these cells (38a, 38c, 47r, 39h, and 5200) were acti- 
vated by light mechanical stimuli. Two were responsive only to noxious stimuli (47wa, 
51q), while one (48-cc) was responsive to either form of stimulation but the receptive 
fields for the two forms were not identical. The ipsilateral side of the body is indicated 


to the right of the figurine drawings. 


PO neurons completely undrivable. It is for these reasons that we think it 
possible that in the unanesthetized state a large majority of PO neurons 
may be brought to action by nociceptive stimuli. 
C. Response properties of PO neurons 

1. Responses to brief stimuli. Cells of PO related to the skin respond to 
brief supramaximal mechanical or electrical stimuli delivered to the skin 
with short high frequency trains of 2—7 impulses, much as do cells of VB 
(119). While some cells of PO may respond with latencies as brief as those 
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of the cells of VB, others display latencies some 
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9_ 


2—3 times longer. In a 


typical instance, a skin-nociceptive neuron whose receptive field covered 
the entire body responded as follows (averages of 15 trials each): contra- 
lateral foreleg, 20.7 msec.; contralateral hindleg, 28.4 msec.; ipsilateral 
foreleg, 23.4 msec.; ipsilateral hindleg, 37.8 msec.; contralateral face, 14.7 














STIMULUS: LIGHT SKIN PRESSURE umiT 30-1 ---- 
GP BACKGROUND LEVEL 38-! ¢ 
d ? 4 
* i 
" " 
4 "% 
4 ' 
80F ° CONTRALATERAL + CONTRALATERAL + IPSILATERAL i IPSILATERAL 
' 
* FORE PAW | HIND PAW 1% FORE PAW 118 HIND PAW 
i" ih 7: i! 
1 os i! ti 
Hh o} es : ' 
9° 4 4 He 
i! ‘4 ' ' ' 
‘ ie it 4 
60F |} ry 1 4 
m4 , ' ' 
"i ’ ' ' ‘ 
tt i - +4 
:¢ as + te > 
= 1 tg! ioe , 4 
os es H 1 8 Si 3 
an) (a Te , ; : os , | Bee 
' ' ‘ ' vu 1 
: a ‘ \ y ‘ 
: e ' ' ' 1 i Vt 
' . ' ' 
' : 
° . ' : ‘ : ' ‘ 
’ ' } H ' } ' ; 
20F H ‘ R ; ; e : 4 ; ' 
. ; ni 1 ' ‘ ' 
2 ’ | od 5 
, ‘ ‘ ' ' , ‘oe’ . \ 
e\; : 4 2 ee | e ° ; 
' i eS. a 
eee Ls ‘ ° 
oe . 7 
. 
a et ees <n e 
tL L iL rT 1 — i i n = i. aT L rT i 1 | 
Oo 8 O 2 4 6 .@) o 6 8 1?) 2 a 6 8 
SECONDS 


Fic. 10. Graphs of the impulse frequency of neuron 38-1 which illustrate the sim- 
ilarity in degree and temporai pattern of the response of this cell to steady, light mechani- 
cal stimulation of the skin of each of the four paws. The bars at the bottom of each curve 
indicate the approximate time and duration of each stimulus. The shaded area in- 
dicates the “spontaneous” rate of discharge of the cell in the absence of any stimulation. 
The results illustrate the uniformity of the projection of receptive fields upon some 
neurons of the posterior group of nuclei of the thalamus. 


msec.; ipsilateral face, 24.4 msec. These are to be compared with latencies 


for cells of VB with these orders of magnitude: face, 3-4 msec.; foreleg, 


8—11 msec.; hindleg, 11-14 msec.; all contralateral. In general the latencies 
lengthen as the stimulated site is moved caudally over the body. 


A cell of VB responds with a maximal number of impulses when 
the stimulus is at or near the center of its receptive field. The potency for 


excitation of a stimulus then decreases gradually as it is moved towards 


the edge of the field. PO neurons usually show a quite different relation. 
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{n example is given in Figure 10. It shows that neuron 38-1 responded in 
almost the same degree and temporal pattern to light skin pressure de- 
livered to any one of the four limbs. Other neurons of this type may be less 
responsive to stimulation in one part of the field than in others, e.g., from 
one of the four limbs, but respond in the same degree to stimuli delivered 
anywhere else in the field. That is to say that the fields may be almost 
equipotential with respect to place in their capacity to excite the related 
PO cell, up to nearly the edge of the field. This has been observed for both 
steady physiological and brief electrical stimull. 

2. Responses to steady stimuli. Skin touch-pressure cells of PO may in 
some cases respond to steady stimuli with sharp high-frequency onset tran- 
sients, decline to a steady frequency of discharge during continued applica- 
tion of the stimulus, and return suddenly to the resting rate when the stimu- 
lus is removed. Others may discharge only on and off transients. ‘This 
behavior is quite typical for two classes of touch-pressure cells of VB. PO 
cells responding to noxious stimuli, however, may perform in quite a dif- 
ferent way. An example is given by the charts and records of Figure 11. 
With onset of periosteal kneading the frequency of discharge increased 
slowly, reaching its peak only after 10 seconds of stimulation. The stimula- 
tion period was followed by a prolonged after-discharge of the cell, which 
continued for more than 15 seconds. ‘This is the usual pattern, but some 
cells of this class may cease to discharge rather abruptly, as illustrated in 
Figure 7. 

3. Inhibition. Afferent inhibition in the lemniscal system, at the cortical 
level, has been described in some detail (101, 107). In these cases the re- 
ceptive field is surrounded by a limited area of skin within which stimuli 
will inhibit both the spontaneous and driven activity of the cell. This 
pattern is quite different for cells of PO. An example is given in Figure 12. 
While the excitatory receptive field in this case was unusually small for a 
cell of PO, the cell could be inhibited from the entire remainder of the 
contralateral side of the body, from a large area of the ipsilateral side, and 
from the face as well. The duration of the inhibition is indicated by the 
graph below. A more common pattern is for a cell of PO to be inhibited 
from a field that is located homologously on the opposite side of the body 
from the excitatory one. An example is given by Figure 13. The inhibition 
of cells of PO has been observed in 16 instances. 


D. Anatomico-physiological correlations 


Reconstructions of 9 of the 27 electrode tracks which passed through the 
region of the posterior nuclear group are shown in Figure 14. These 9 have 
been selected and the tracings of the sections in which they occurred ar- 
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ranged to give an orderly display, in an oro-caudal sequence, of the results 
obtained. The observations made in the penetrations not shown in this 
figure differ in no qualitative way from those depicted. 

Several points are evident from these reconstructions. In the first place, 
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Fic. 11. This figure presents data obtained during the study of neuron 51-4, which 
was activated only by noxious stimuli delivered to the deep tissues of any part of the 
body, except for the face. The graph indicates the slow recruitment of activity during 
periosteal kneading, and the prolonged after discharge which followed it. Records A, 
B, C, and D are samples taken at the times indicated on the graph above. 


in penetrations passing through the most anterior part of PO the somatic 
sensory neurons with PO properties are found in that crescent shaped an- 
terior extension of PO which clasps the dorso-postero-lateral corner of VB 
(e.g., 50—P1, 52—-P4). Secondly, in this region an electrode may pass through 
PO above and into VB below (e.g., 52—P4, 32—P3). In each case there is a 


»recise correlation between the change in the functional properties of the 
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(UNIT 34.7) 











| 

< E >T I>E_ MEAN vatue E UNCONDITIONED © 8 ease 
a > 
= 7 Y 
QO B80 | 

WJ 

Z : | 

(@) | 

FE 60F- | 

5 L : 

Zz aan 

Oo 40 

U 5 

Zz 

> 20F 

Oo 

° ri \ u l | 

7 0 ref 10 20 30 


NTERVAL IN MSEC. 

Fic. 12. This figure presents data obtained during the study of neuron 34-7, which 
could be activated by light mechanical stimulation of the preaxial side of the contra- 
lateral hindleg, as indicated in the figurine drawing. The neuron could be inhibited by 
similar stimuli delivered to any spot on a very large part of the remainder of the body 
surface, including the face. Inhibition was tested from the spots indicated by the 
circles on the figurine drawing. An inhibition-excitation series was done with electrical 
stimuli delivered to the skin at the spots marked on the drawing. The curve of inhibi 
tion and recovery from it is given below. In making the graph no allowance has been 
given for the presumed shorter latency of the inhibitory effect from the foreleg than 
the excitatory from the hindleg which accounts, we believe, for the fact that inhibition 
seemingly exists when the excitatory stimulus leads. Each point on the curve indicates 
the mean number of impulses per response (15 trials) for the conditioned response, 
expressed as a percent of the unconditioned response to the excitatory stimulus. 


cells observed from those characteristic of PO above to those of VB below, 
and the movement of the electrode tip from PO into VB, as shown in the 
reconstructions. There is some intermingling of cells of the two types at 
this region of juncture. 
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The symbols of Figure 14 indicate, as one would expect, that when the 
electrode tip was within the confines of GLD or GMp, the neurons observed 
were sensitive to either light or to sound respectively, and to no other 
stimuli. What was not so readily predictable is the fact that many neurons 
responding to sound were observed which were distributed very widely in 
PO, and particularly in its caudal portion. Rarely, these were the only type 
of drivable neurons observed in a penetration of PO (e.g., 34—P6). More 
commonly, auditory neurons were randomly intermingled with those acti- 
vated by somatic sensory stimuli (e.g., 34—P7; 38—P3). 
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Fic. 13. The graphs above present data obtained during the study of neuron 50-5. 
As the graphs indicate the cell was activated by stimulation of the contralateral hind- 
paw, and this driven activity was inhibited by the interpolation of a stimulus to the 
ipsilateral hindpaw. The adequate stimulus in each case was light mechanical in nature. 


From all of our observations it is possible to make the following state- 
ments, which relate our findings to previous nuclear terminology of this 
thalamic region. Somatic sensory cells of PO are found in the anterior ex- 
tension of LP, in the more ventral part of that nucleus as it extends farther 
caudally, in the suprageniculate nucleus, and in the GMm, particularly in 
that more anterior part of GMm which is transitional between it and the 
ventrobasal complex. PO neurons sensitive to sound may be found in LP 
and in anterior GMm. In these locations they are intermingled with so- 
matic PO neurons, and many of the cells may be excited by either somatic 
sensory, vibratory, or auditory stimuli. The more posterior part of GMm 


is more exclusively, though not completely, auditory in nature. 
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Fic. 14. The drawings above represent the reconstructions of nine microelectrode 
penetrations of the thalamus. They were made from study of the serial sections of the 
experimental brains. The properties of the neurons observed in each penetration are 
indicated by the symbols. For a full description and discussion, see the text. CM— 
centre median; GLD—dorsal nucleus of the lateral geniculate body; GLV—ventral 
nucleus of the lateral geniculate body; GMm—magnocellular division of the medial 
geniculate body; GMp—principal division of the medial geniculate body; LA—the 
lateral anterior nucleus; LP—the lateral posterior nucleus; MD—the mediodorsal nu- 
cleus; OT—optic tract; PO—the posterior group of nuclei of the thalamus; Pul— 
pulvinar; VB—the ventrobasal nuclear complex of the thalamus. 
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It should be added that we have not observed a cell with PO properties 
outside the confines of PO, as we have defined it. Four penetrations passed 
into PO and no cells of PO properties were observed, although in each 
case the electrode was recording well. We attribute these failures to the 
deteriorating condition of the animal. 


DISCUSSION 

The physiological observations described above give support to the 
view that the posterior group of thalamic nuclei is a second thalamic transfer 
region of the somatic afferent system. In the cat it lies caudal and dorsal to 
the region of lemniscal transfer, the ventrobasal complex, and the two are 
joined by a region of morphological transition. It is our thesis that this 
posterior region receives its afferent input from elements of the antero- 
lateral system of the spinal cord, and differs remarkably from the ventro- 
basal complex in its functional properties—subserving among other aspects 
of somatic sensibility the modality of pain. It projects upon a cortical region 
which includes the second somatic area. 

The fact that fibers whose cells of origin lie in the dorsal column nuclei 
terminate wholly within the ventrobasal complex implies that the posterior 
region receives anterolateral column input. This has now been established 
by the anatomical studies of Mehler, et al. (94), and is in agreement with 
the experimental findings of Whitlock and Perl (138), and with the 
results of our own series of preliminary experiments reported here. This 
posterior region is, however, but one of several oral destinations of the 
anterolateral system. Large numbers of small myelinated and unmyelinated 
fibers end in the reticular core of medulla and midbrain, and activity con- 
ducted in them is from thence relayed upward upon the more medial re- 
gions of the dorsal thalamus. A number of fibers of the anterolateral 
columns reach these intralaminar nuclei directly, a projection termed 
paleo-spinothalamic. A definite direct anterolateral projection to the ven- 
trobasal complex exists in the cat. It increases at a great rate in monkey and 
chimpanzee (93), and reaches its greatest development in man. It is not 
known which component of the anterolateral system accounts for this in- 
crease in neo-spinothalamic projection, either from the standpoint of the 
fiber sizes, or the modalities served by them. 

These very widespread projections of the anterolateral system, relaying 


activity evoked by somatic sensory stimuli upon many nuclear structures 
of the forebrain, suggest its importance in functions as equally varied. Our 
own experiments relate to but one of these areas of projection, the posterior 
group of nuclei. We wish to discuss the functional properties of the cells 
of this region, contrast these properties with those of the lemniscal com- 
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ponent of the somatic system, and indicate the possible significance of 
this region in somatic sensibility, particularly with reference to the role 
it appears to play as a part of the central neural substratum for the percep- 
tion of pain. 


|. Physiological properties of the cells of the posterior group of nuclei of 
the thalamus 


A. The mechanoreceptive function of PO 


Large numbers of PO cells are activated by somatic sensory stimuli. 
While some 40 per cent are sensitive to light mechanical disturbances 
of the body surface, other properties of these cells mark the region as 
different in many respects from the ventrobasal complex, many cells of 
which are sensitive also to such stimuli. The first difference is that the 
mechanoreceptive cells of PO are not place specific: there is no orderly 
projection of the body form within this region, and individual cells may 
subtend very wide and frequently bilateral receptive fields, which in some 
instances include the entire body surface. The second major difference is 
that the cells of PO are not modality specific. Many of those driven by light 
mechanical stimuli are sensitive also to vibratory or auditory stimuli. 
Others may respond to noxious stimuli delivered to skin areas outside their 
mechanoreceptive fields. Mode and space specificity are, on the other hand, 
the preéminent qualities of the cells of the ventrobasal complex. 

PO differs from VB in another way, for we have never observed any cells 
of this region which were sensitive to the gentle rotation of joints. By con- 
trast, large numbers of cells of VB and of the first somatic cortical area are 
of this class, and are thought to constitute the essential neural substratum 
for position sense and kinesthesis (106). 

In summary, so far as mechanoreceptive sensibility is concerned, no 
properties of PO indicate that it could serve the discriminative forms of 
somatic sensibility. The properties of the cells of VB, on the other hand, 
allow a very finely tuned capacity for temporal and spatial discriminations 
in the mechanoreceptive spheres of touch-pressure, position sense and 


kinesthesis. 
B. The nociceptive function of PO 


We are well aware of the difficulty one faces in labeling as painful any 
stimulus delivered to an experimental animal, for no introspective report 
is available. Nevertheless, when a stimulus is by nature destructive of tissue, 
provokes a defense or escape maneuver accompanied by signs of an appro- 
priate emotional change in the normal waking animal, and evokes painful 
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sensations when applied to man, it seems reasonable to regard the stimulus 
as painful in nature to both animal and man. To label such stimuli as “‘tis- 
sue-destructive, escape-provoking, and emotion-changing’’, but not to call 
them painful, seems to us a semantic triviality. There is no a priori reason 
to suppose that in evolution the perception of pain appears as a wholly new 
sensory phenomenon in man. 

Nearly 60 per cent of the PO neurons which we have observed could be 
activated only by such noxious stimuli. The fact that the cells of PO project 
upon the cerebral cortex suggests that this thalamocortical system plays a 
role in the conscious perception of pain. While it is clear that this system 
can transmit information signalling that a painful event has occurred, it is 
equally clear that it is not likely to provide data concerning the location of 
that event. The receptive fields of such neurons are always very large, for 
over half the fields covered parts of both sides of the body, and a consider- 
able number covered the entire body surface. How then is the position of 
the painful stimulus determined? Two possibilities suggest themselves, and 
there are doubtless others. In the first place, the localization might depend 
upon the simultaneous activation of mechanoreceptors by the painful 
stimulus, and the relay of that activity over the topographically precise lem- 
niscal system. Support for this view is given by the fact that in humans in 
whom lesions have interrupted the lemniscal system at any level, the ca- 
pacity to localize a painful stimulus is very poor in those areas of the 
body deprived by the lesion of the discriminative forms of somatic sen- 
sibility. This implies that the correct localization of the painful stimulus 
requires a high level integration of activity, combining qualitative informa- 
tion from the anterolateral system with data for discrimination from the 
lemniscal. A second possibility is that the component of the anterolateral 
system which projects upon the ventrobasal complex contains nociceptive 
elements which display the discriminative properties of the lemniscal sys- 
tem. The avalanching phylogenetic development of this component is sug- 
gestive that this may indeed be the case, and we are presently testing this 
hypothesis in a single unit analysis study of the ventrobasal complex in mon- 
keys, after section of the dorsal columns. A report of a similar study has been 
made by Whitlock and Perl (139). 

The fact that this system receives nociceptive afferents from both sides 
of the body offers an explanation, we believe, for certain observations in 
man regarding laterality. Several observers have reported, for example, 
that while hemispherectomy produces over the contralateral side of the 
body a severe deficit in the discriminative forms of sensation, a form of pain 
sensibility remains (18, 50, 61, 96, 147). In these patients noxious stimuli 
produce a diffuse, poorly localized, frequently radiating, painful sensation. 
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[tis just such a form of pain, devoid of a discriminative aspect, which would 
be served by the ipsilateral component of the anterolateral-pc ysterior group- 
cerebral cortical pathway. 

[hat an ipsilateral component of the anterolateral system exists is indi- 
cated by the retrograde degeneration which occurs in both dorsal horns 
following an anterolateral cordotomy, in both man and experimental ani- 
mals (25, 80, 100). It is shown also by the slight increase in the pain threshold 
and decrease in the density of ‘‘pain spots” which results on the side of the 
body ipsilateral to the cordotomy (57, 58). Very rarely, the ipsilateral com- 
ponent is the predominant one, for in a few cases hypalgesia occurs mainly 
on the ipsilateral side (60, 131). We have never observed a cat in which the 
projection to PO was not bilateral. 

Evidence put forward by several investigators indicates that noxious 
stimuli activate cells in many parts of the brain stem and diencephalon. 
Collins and O'Leary discovered that a region of the mesencephalic teg- 
mentum is activated by impulses carried in gamma and delta sized fibers of 
peripheral nerves (48). The responses survived dorsal column section, were 
eliminated by cutting the anterolateral columns, potentiated by noxious 
stimulation of the body surface, and were extremely sensitive to the depth 
of anesthesia. Magoun and McKinley showed some time ago that the 
centre median could be activated by peripheral nerve volleys (90), and 
Albe-Fessard and Kruger have now found that the cells of the region are 
activated by stimuli which are destructive of tissue (3, 79). What the physio- 
logical implication of this very diverse activation of the diencephalon by 
noxious stimuli may be is uncertain. It appears to us, however, that the pos- 
terior group relay is likely to be concerned in the conscious perception of 
pain, for itis the only one of these regions which is known to project upon 
the cerebral cortex.® We will discuss the nature of that projection in the 
following section. 

Che nature of the stimuli required to excite the cells of PO, their very 
wide receptive fields, the lack of pattern within the area, and the prolonged 
after-discharge of the cells following noxious stimuli all suggest that the 
system may play a role in the genesis of symptoms in a very diverse group 
of clinical conditions which have in common the occurrence of hyperpathia. 
This is characterized by: (1) the long latent period between application of 
the noxious stimulus and the perception of pain, (2) the diffuse and par- 
ticularly disagreeable nature of the pain evoked, and its powerful effect 

Underlying this statement is the belief that the cerebral cortex plays an essential 
role in sensory perceptions. While this seems reasonable to us, and to fit with the facts 


which are available, it does not at all deny the importance for general perception of 


the widespread activation of some subcortical regions by sensory stimuli. 
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in provoking emotional reactions, (3) gross errors in localization, (4) usually 
elevated pain thresholds, and (5) the persisting painful sensation after re- 
moval of the stimulus. This syndrome appears after lesions located at any 
level of what we have termed the lemniscal component of the somatic 
afferent system: of the cerebral cortex, the ventrobasal thalamic nuclei, the 
dorsal columns of the spinal cord, or of the large myelinated fibers of 
peripheral nerves. It is an important observation that this disagreeable 
pain sensibility appears only in those regions of the body which are no 
longer represented in the lemniscal system—which are defective in the dis- 
criminative forms of sensation. It appears when the larger myelinated fibers 
of peripheral nerves are differentially blocked by asphyxia, leaving unmye- 
linated and probably the smaller myelinated fibers functionally intact (22). 
This hyperpathia appears also in the zones of transition in sensibility which 
surround an area rendered anesthestic by nerve section. The unbridled 
action of the anterolateral-posterior group system could account for these 
perverted sensations, which are at least occasionally eliminated in these 
cases by anterolateral cordotomy (59, 130). Can the normal level of activity 
in this system account also for the great exaggeration of pain sensibility 
which occasionally occurs, as in the thalamic syndrome? Consideration of 
their clinical observations led Head and Holmes (68) and others since them 
to postulate that activity evoked in the lemniscal system in some way pre- 
vents the full development of that occurring in the anterolateral system— 
an afferent inhibition cross-modal in nature. There seems to us to be much 
in this idea which fits some experimental findings. For example, observa- 
tions made in the postcentral gyrus of the monkey conform with this hypoth- 
esis, for Mountcastle and Powell (107) found there some cells which were 
(a) excited by noxious stimulation of the skin, in a manner suggesting that 
the anterolateral system was responsible for their activation, and (b) in- 
hibited by light mechanical stimulation, delivered to exactly the same spot 
in the skin. Such light mechanical stimuli activate most potently the lem- 
niscal system, and it is possible that a lesion of this system would thus remove 
the inhibition of those postcentral cells excited by noxious stimuli. 
Whether a lemniscal lesion removes also some inhibition of the second 
somatic area, which we believe to be one of the principal projection areas 
of the posterior group of nuclei, is unknown. 


C. The polysensory nature of PO 
Many cells of PO respond to more than one form of somatic stimulation, 
and to vibratory and auditory stimuli as well. Not only are some individual 
cells heterogeneous in this respect, but the region as a whole is, for many 
other cells of PO which respond only to auditory stimuli are intermingled 
with both strictly somatic and with heterogeneous ones. There is good rea- 
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son to conclude from the work of Meyer and Woolsey (97), Rose and Wool- 
sey (122), and Neff et al. (37, 109), that the region transmits to the cortex 
infor mation useful in making discriminations in the auditory sphere. For 
example, animals with only this auditory portal to the cortex can be trained 
to discriminate between two frequencies, but not between two simple se- 
quences of tones (53). This indicates that the capacity for auditory discrimi- 
nation of cats. with only this region remaining is rudimentary in comparison 
with that of which an animal with an intact principal portion of the medial 
geniculate is capable. The difference is to be compared with that between 
PO and VB in the sphere of somatic sensory discriminations. Other cells 
of PO are uniquely sensitive to vibratory stimuli, which conforms with the 
finding of Mickle and Ades that a region medial to GMp is activated by 
vestibular nerve volleys (99). 

That PO is a region of convergence and interaction of afferent activity 
provoked by noxious and by auditory stimuli is of interest in relation to 
some recent observations in humans. For example, Benjamin has shown 
that the threshold for hearing can be significantly raised by painful stimuli 
(19). 

The pulvinar-posterior group as a whole must now be considered as 
receiving a very diverse sensory input. Buser and his colleagues have shown 
that parts of it are activated by visual and others by auditory stimuli, and 
that complex interactions occur (34, 35). These investigators have also 
produced evidence that this region projects upon the “‘association”’ areas of 
the cortex, via pathways which are independent of the primary sensory areas 
(31, 32, 33, 34, 36), which gives physiological confirmation of a well estab- 
lished anatomical fact. 

What the general functional significance of this sensory polyvalence of 
the pulvinar-posterior group may be is uncertain. 


Il. The Cortical Projection of the Posterior Group of Nuclei of the 
Thalamus 

The experimental anatomical evidence we have reviewed above indi- 
cates that the posterior group of nuclei is a cortical dependency, and that 
the second somatic area is included in its field of projection. This agrees 
with the suggestion of Knighton, who found that electrical stimulation in a 
region which we interpret to have been in or close to the posterior group, 
evoked responses confined to the second somatic area (78). The study of 
Rose and Woolsey (122) provided evidence that this projection is sustaining 
in nature, for a removal of portions of the adjacent auditory areas must be 
combined with a lesion of the second somatic to produce its total retrograde 
degeneration. It is of interest to compare what is known of the functional 
natures of the relevant thalamic and cortical centers. 
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There is evidence that the second somatic area of the cortex possesses 
functional properties characteristic of both the lemniscal and the antero- 
lateral systems. A number of investigators have shown, using the evoked 
potential method, that the body form is represented there in a way as nearly 
detailed as in the postcentral gyrus (20, 67, 143, 144). Corollary to this, Car- 
reras and Levitt found in a single unit analysis that many cells of the region 
are both mode and place specific, as are those of the first somatic area (39). 
These are lemniscal properties. Other functional characteristics of this 
region are, however, similar to those of the posterior group of nuclei. Tun- 
turi and Bremer have both shown that a part of the anterior ectosylvian 
gyrus is activated by auditory stimuli, and that this region overlaps in con- 
siderable part the second somatic area (29, 129). In this regard, Berman 
demonstrated an interaction between the responses to auditory and so- 
matic stimuli which was most marked at the region of transition between 
the somatic and auditory areas (20). This interaction has now been ob- 
served at the single unit level by Carreras and Andersson, and these latter 
investigators have observed other cells of the region which were activated 
only by noxious stimuli to the periphery, and which were related to very 
wide and frequently bilateral receptive fields (38). These are anterolateral 
properties. The overlapping proximity of the vestibular cortical area (75, 
98, 135) and the position of the vestibular thalamic area within the pos- 
terior thalamic group (99) gives further support to the hypothesis that 
there is an intimate relation between this thalamic region and the region 
of the anterior ectosylvian gyrus of the cortex. 

On the other hand, the cortical cells with properties similar to those of 
the posterior thalamic group are not confined to the second somatic field. 
Mountcastle and Powell observed a small percentage of the cells of the 
postcentral gyrus of the monkey which possessed anterolateral properties: 
they were activated only by noxious stimuli, from very wide receptive fields 
(107). There few cells appeared to be indiscriminately placed in the midst 
of an overwhelming majority with lemniscal properties. 

These observations lead to the following tentative generalization. That 
is, that while the first and second somatic areas are in the main expressive of 
the functional natures of the lemniscal and anterolateral ascending systems, 
respectively, that they are not exclusively so. Each possesses to a certain 
extent the properties of the other. Whether this indicates that essential 
projections exist from VB and PO to the first and second somatic cortical 
areas, respectively, and that there are sustaining projections from VB to SII 
and from PO to SI is not established, but this hypothesis fits the facts which 
are available at present. From a broader point of view one can consider the 
ventrobasal complex and the geniculate bodies, together with their essential 
cortical projection areas as the essential cores of the somatic, visual and 
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esses auditory systems. Surrounding them at both thalamic and cortical levels, 
tero- and fusing between them, are areas which are less specific with regard to 
ked loca! sign and modality served, in which complex sensory interactions occur, 
‘arly and which are thought to subserve sensory integrative actions. The obser- | 
Car- vations of Albe-Fessard, of Buser, 2nd their colleagues (3—7, 26, 31-36, 79, 
210n 85), and of Amassian (9), that the pulvinar-posterior and the more medial 
39). regions of the thalamus such as the centre median, and the cortical associa- 
this tion areas as well, receive complex and multiple sensory inputs, support 
un- this point of view. 
vlan Our observations indicate that PO and its cortical projection to an area 
con- which includes the second somatic are concerned in a special way with pain 
nan sensibility. This does not imply that pain does not project upon the post- 

sO- central gyrus also; indeed some experimental evidence obtained in monkeys 
een suggests that it does so (107). Many reviewers have, we believe, overempha- 
ob- sized negative observations obtained in man, citing reports that electrical 
itter F stimulation of the postcentral gyrus does not often evoke painful sensations 
ited in waking humans, and that removal of the postcentral gyrus may not pro- 


ery duce a contralateral analgesia. There are, however, many reports that under 


eral certain circumstances stimulation of the postcentral gyrus does evoke sen- 


(75, sations of pain (49, 56, 70, 81, 137). The facts that pain relating to the skin 
DOs- is likely to be concentrated in area 3 (112), which is buried deep in the 
hat § human central sulcus, and that pain elements are likely to require special 
ion Ff parameters of the exciting electrical stimuli, suggest an explanation, we 

i believe, for the negative observations. Removals or injury of the post- 
of =f central gyrus may, in fact, be quite effective in eliminating certain types of 
eld. | pain, particularly when the lesion extends or the intentional removal is 
the ‘ carried to the very depths of the central sulcus (51, 55, 56, 77, 81, 91, 124, 
ies: §f 128). From what is known of the cortical projection of pain one would pre- 
Ids dict that a certain form of pain sensibility would, however, remain after 
dst postcentral removal, and indeed that this remaining form might even under 


certain conditions be exaggerated. On the other hand, one would expect 


hat : lesions of the second somatic area and of adjacent areas of the lower parietal 
- of ; convolutions to produce very complex disturbances in the perception of 
ms, : pain. These expectations seem to fit closely with a number of clinical ob- 
un 86 servations (21, 123, 126, 136). 

ial f 

cal SUMMARY 

SII Pi A summary is given of the anatomical and experimental evidence which 
ch t indicates that the ventrobasal complex of the thalamus (VB) is the region of 
he thalamic transfer of the medial lemniscal component of the somatic afferent 
ial i system, a component defined as comprising those fibers whose cells of origin 


nd lie within the dorsal column nuclei. Similar evidence is marshalled which 
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suggests that the region of the posterior thalamic group of nuclei (PO) is, 
in the cat, an important region of thalamic transfer for the spinothalamic 
component of the somatic system, though this latter contains a projection to 
VB in this animal, one which increases proportionally at a rapid rate in pri- 
mates. In a preliminary series of experin ents, using gross electrode methods 
of recording, responses to ipsilateral physiological stimuli and to ipsilateral 
nerve volleys, which were used to define spinothalamic input, were re- 
corded within the posterior thalamic group. 

In a second series of animals single unit analysis studies were made of 
these two thalamic regions. The functional properties of their cells may be 
contrasted as follows. 

1. The body surface is represented in an orderly topographic manner 
in VB, and the cells of this region are related to small and quite specific 
receptive fields on the contralateral side of the body. On the other hand, 
no topographic pattern of representation was observed in PO, and its cells 
may be activated from very large receptive fields, which may be contra- 
lateral, ipsilateral, or both, and which in the limit cover the entire body 
surface. The cells of PO are not place specific. 

2. The cells of VB are modality specific, and any given cell may be 
activated by one or another form of mechanical stimulation, but not by 
more than one, and many are activated by the gentle rotation of joints. In 
contrast, the cells of PO are in many instances polyvalent with respect to 
the adequate stimuli which activate them, some being responsive to light 
mechanical stimuli and to stimuli which are destructive of tissue, as well 
as to sound and to vibrations. Other cells of PO may be sensitive only to 
sound. These auditory neurons are intermingled with those sensitive to 
somatic sensory stimuli, but are more concentrated in the posterior part 
of the magnocellular portion of the medial geniculate body. No cells of 
PO were activated by the gentle rotation of joints. The cells of PO are not 
modality specific. 

3. No cells of VB were observed to be activated by noxious stimuli. The 
majority of the cells of PO, however, were sensitive to stimuli which were 
destructive of tissue, stimuli which produced avoidance and respiratory 
reflexes, and which evoke in conscious man the perception of pain. Such 
nociceptive neurons were commonly related to very large and usually bi- 
lateral receptive fields. These cells were frequently polyvalent, responding 
to light mechanical stimuli to parts of their receptive fields, and to audi- 
tory and vibratory stimuli as well. Nociceptive neurons, during continued 
stimulation, frequently show a slow recruitment of activity, and prolonged 
after-discharges after removal of the stimulus. 

In the discussion a capitulation is given of the functional properties of 
the first and second somatic areas of the cerebral cortex, and these are 
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) 1S, compared with those of the two thalamic regions studied. These facts, cor- 
mic related with experimental anatomical evidence regarding thalamo-cortical 
saint projections, lead to the conclusion that while the first and second somatic 
pri- areas of the cerebral cortex are in the main expressive of the functional 
ods f attributes of the lemniscal and spinothalamic components of the somatic 
‘ral system, they are not exclusively so, and each shares to a certain degree the 
> physiological properties of the other. Particular reference is made to the 
role of the spinothalamic-posterior group system in the central nervous 
"of mechanism subserving pain sensibility. 
be 
‘ Some of the preliminary mapping experiments were performed with Dr. G. F. 
g . * * . . . . 
1er Tucker, Jr. The original observ ation that the region of the posterior group of nuclei 
fic of the thalamus is activated by noxious stimulation of the periphery was made in col- 
] laboration with Dr. T. P. S. Powell, of Oxford University. 
id, We wish to thank Mr. Edward H. Ramey for the design and construction of the 
‘ls electronic circuits used in these experiments. 
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FURTHER IN VITRO STUDIES WITH 16-C™*-ESTRONE: 
DISTRIBUTION BETWEEN PLASMA PROTEIN 
FRACTIONS AND RED BLOOD CELLS 
OF MAN.? * 


CLAUDE J. MIGEON, ONO L. LESCURE ann HARRY N. ANTONIADES 


Department of Pediatrics, The Johns Hopkins University School of Medicine and 
the Harriet Lane Home of the Johns Hopkins Hospital, and the 


Protein Foundation Laboratories, Inc., Boston, Massachusetts 
Received for publication December 10, 1959 


A great deal of attention has been focused on the problem of the trans- 
port of steroids by plasma. The techniques of dialysis, electrophoresis, 
ultrafiltrations, solubility, partition analysis and spectrophotometry have 
been used for these studies. Sandberg, Slaunwhite and Antoniades have 
reviewed part of the literature on this subject (1). 

In vivo experiments have shown that significant amounts of estrogens 
were associated with the red blood cells (2, 3). Estrogens can also become 
bound to red cells in vitro (4, 1, 5), the steroids being removed slowly by 
successive washings with 0.9 per cent NaCl solution and much more rap- 
idly by plasma. It was thought that red cells tagged with radioestrone could 
be used in the study of the relative binding capacity of the various plasma 
protein fractions of man. The results obtained from such a study are the 
subject of the present paper. 


METHODS 


Preparation of red blood cells: 


Blood samples were obtained from normal adult individuals, using an heparinized 
syringe. After centrifugation, the red blood cells, freed of white cells, were separated 
from the plasma and were washed twice with two times their volume of 0.9 per cent 
NaC] solution. 


Centrifugation of the samples: 


\ll the samples were centrifuged at 2,000 revolutions per minute for 30 minutes; 
(the relative centrifugal force was approximately 1,100 times gravity at the tip). 
Purity and standardization of 16-C"-estrone. Radioactivity determinations: 

rhe purity of radioestrone (specific activity: 0.729 mc. per mM.) was tested as pre- 
viously described and was found to be 95 to 98 per cent (3). The steroid was dissolved 
in 10 per cent ethanol in saline solution. This solution contained 70,000 c./m. per mil- 


‘This work was made possible by Grant in Aid A-180 from the National Institutes of 
Health, United States Public Health Service. 
Some of the data were presented at the Annual Meeting of the Endocrine Society at San 


Francisco on June 19, 1958. 
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liliter. The method of measurement of the radioactivity of the various samples has been 


described previously (6). The assays were made with a “micromil” window gas flow 
counter (model D-47, Nuclear-Chicago). 


Paper chromatography and radioautography: 


Some of the extracts were applied on Whatman paper No. 2 and chromatographed 
with the system of solvents isooctane : toluene : methanol : water (25: 75:80:20) described 
by DeCourcy (7). The technique of radioautography has been reported elsewhere (3). 
Preparation of plasma protein fractions: 

Ihe plasma protein fractions were prepared at the Protein Foundation in Boston. 
Ihe blood employed in these studies was collected from normal human subjects in 
acid-citrate-dextrose solution (ACD). The plasma was separated immediately from the 
red blood cells by centrifugation at 3000 r.p.m. at 2°C. and was fractionated, with the 
use of the cold ethanol methods 6 and 9 described by Cohn and his collaborators (8) 
and Oncley et al. (9). The paste form of the plasma fractions was dissolved in the small- 
est possible volume of cold 0.15 M NaCl at 2°C. and was dialyzed for 48 hours against 
20 volumes of 0.15 M sodium chloride at 2°C. which was replaced with fresh solution 
every 24 hours. Following dialysis the plasma protein fractions were stored at —20°C. 
without lyophilization. The fractions were shipped to Baltimore in the frozen state 
by air express. Before their use the individual fractions were diluted with 0.9 per cent 
NaCl solution so that the final volume was equal to that of the original plasma used 
for the fractionation. Their pH was adjusted to 7.35 + 0.05. 


EXPERIMENTS AND RESULTS 

In a first set of experiments, centrifuge tubes were prepared containing 
0.2 ml. of radioestrone solution (approximately 2 micrograms of estrone), 
1 ml. of 0.9 per cent NaCl solution and 5 ml. of washed red cells. After 
gentle mixing, the tubes were centrifuged and the saline solution was re- 
moved. This technique has been found to be the most efficient method of 
binding red cells with radioestrone. Two additional washings of the red 
cells with 5 ml. of saline solution were carried out to remove the estrone 
which might not have been tagged to the red cells. The radioactivity of 
the pooled saline washings was determined and found to be 18.5 to 22.8 
per cent of the estrone added. To each of the red cell samples, 5 ml. of the 
individual plasma protein fractions were added; after gentle mixing*, the 
upper phase was removed and its radioactivity was determined*.,<This pro- 
cedure was repeated five more times. The results of a typical experiment 
are shown in Figure |. These results are compared with those obtained 
when plasma was used instead of the plasma fractions. Table I shows the 
amount of radioestrone which remained with the red cells at the end of 


* It was found that the distribution of estrone between plasma protein fraction and red blood 
cells was immediate and was not influenced by the length of time of contact of the two phases. 

‘ Radioactive estrone was extracted with 100 per cent ethanol (15 ml. once and 5 ml. twice) 
and the radioactivity of the ethanolic extracts was measured. 
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the experiments. This same table shows the total recoveries of estrone and 
the distribution coefficients of estrone in the systems protein fractions: 
red cells®. 

\ second experiment similar to that described above was carried out 
using a combination of two plasma protein fractions instead of individual 
fractions. The distribution coefficients were found to be approximately 
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NUMBER or SUCCESSIVE WASHINGS 


Fic. 1. Removal of radioestrone from tagged red blood cells by successive washings 
with plasma or plasma protein fractions. The activity detected in each of the plasma 
protein washings is expressed as percentage of the radioestrone associated with the red 
cells after the preliminary saline washings and is plotted against the washing number. 


equal to the sum of the coefficients of the two components. However, when 
a mixture of all the fractions was used, the result was somewhat lower than 


The distribution coefficient of a solute in a system of two nonmiscible solvents is: 


solute concentration in upper phase 


solute concentration in lower phase 


After a first equilibrium, the upper phase may be removed and replaced by a lot of new upper 
phase for a second equilibrium. If the procedure is repeated n times, the distribution coefficient 
can be calculated by the formula: 

solute concentration in upper phase (n — 1) 


K = i 


solute concentration in upper phase (n) 
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TABLE I 
Distribution Coefficient of 16-C'4-estrone in the Systems Plasma or Plasma Protein Fractions and 


Red Blood Cells 


Red Cells as Lower Phase* 


Activity Activity Re- 
Saati ae Removed maining with 
re ny by RBC after Total 
oefficient Preliminary Plas Re rs 
ton t 3D reliminary Plasma ecoveryt 
oe Saline Fractions 
Washt Washt 


Upper Phase 


Fraction I i ; 20.5 40. 
m. 
41. 


40. 
41.% 
43.: 


43. 
40.! 


.10 
.09 
.07 


.03 
.08 
-10 


.22 
13 -» 2 
15 18. 


Plasma 3.19 m 20.¢ 
3.06 0.19 yo 
.04 + 0.16 19.: 


Saline Solution 0.11 + 0.01 19.5 
0.094 + 0.01 21.3 


* Volume of lower phase was equal to that of upper phase. 
t In per cent of radioestrone added. 


that obtained for whole plasma (2.59 compared with 3.04 for the whole 
plasma). 

In a similar study, the various upper phases removed after equilibrium 
were extracted with 100 per cent ethanol. These extracts were subjected 
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to chromatography followed by radioautography and it was found that 
only estrone was present. 


DISCUSSION 


It is generally admitted that steroids exist in the circulation in an “un- 
conjugated”’ form and in a “conjugated” form (1). Steroids are also bound 
in part to plasma and red blood cells. 

Boettiger has shown that estriol is strongly adsorbed by plasma proteins 
(10), while Bischoff and Katherman have noted that the solubility of es- 
trone and estradiol was much greater in human serum than in saline solu- 
tion (11). 

Roberts and Szego (12) reported that following the Cohn fractionation 
of human plasma, most of the estrogenic activity detectable by bioassay 
was located in fraction III-0. However, Bischoff et al. (14) found that fol- 
lowing administration of estrone to normal individuals most of the estro- 
genic activity was associated with fractions IV-1 and V, while fraction 
II]-0 was relatively inactive. In the in vivo studies of Sandberg, Slaunwhite 
and Antoniades with 16-C"*-estrone (1) 24 per cent of total unconjugated 
activity was associated with fraction V, while 13 and 12 per cent were as- 
sociated with fractions II + III and IV-1, respectively, and 2 and 3 per 
cent with fractions I and IV-4, respectively. A large fraction of the total 
unconjugated radioactivity was recovered in fraction VI (46 per cent). 
The authors of these experiments have pointed out that the large amount 
of radioactivity detected in fraction VI must be artefact related to the 
technique of fractionation of the plasma proteins and that the amount of 
free steroids bound to fraction IV-1 and V may be greatly underestimated 


(1) 


Cherefore, it would appear that in vitro studies might give more reliable 
results. Sandberg, Slaunwhite and Antoniades (1) using the methods of 
dialysis and ultrafiltration and solutions of plasma protein fractions in 
approximating thin serum concentration, have reported that 21 to 40 per 
cent of estrone was bound to fractions I, II and III-0, while 67 to 75 per 
cent was bound to fraction IV-1, 58 to 74 per cent to fraction IV-4 and 
93.9 to 98 per cent with fraction V. 


The distribution of estrone between plasma protein fractions (or whole 
plasma) and red blood cells is assumed to be related to the relative binding 
capacity of the various protein fractions. This technique has the advantage 
of giving a well-defined numerical expression of the relative capacity of 
these fractions. Fraction V was found to have the greatest capacity fol- 
lowed in decreasing order by fraction IV-1, II-0 and IV-4, while fraction 
I]-3, II and I had a distribution coefficient only slightly greater than that 
of normal saline solution. It has been pointed out that the £-lipoproteins 
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present in fraction III-0 are at least partially denatured in the process of 
freezing and thawing, and that this denatured protein fraction can show 
an increased binding capacity (1). It is, therefore, possible that our value 
for the distribution coefficient of this fraction is overestimated. Consider- 
ing that the fractions were diluted in saline, the specific distribution co- 
efficient of the proteins themselves could be calculated by subtracting the 
distribution coefficient of saline solution from that obtained for the various 
protein fractions in saline solution. The sum of the specific distribution 
coefficients of the plasma fractions was 2.51. This figure is smaller than 
the specific distribution coefficient of whole plasma which was 2.99. Either 
the binding capacity of whole plasma is not solely related to the plasma 
proteins or the protein fractions are somewhat different in their properties 
from the proteins as they occur in whole plasma. 

In the experiments presented in this paper no estrone was metabolized 
to estradiol. On the other hand, Bischoff et al. (15, 16) and Gray and Bis- 
choff (17) have shown that red cells could transform estrone into estradiol; 
however, these authors have also shown that glucose was necessary for the 
biological activation of estrone and the yield was much increased by incu- 
bation of the red cells at 37°C. for a certain period of time. We have con- 
firmed these findings (18). In the experiments reported in this paper there 
was no incubation at 37°C. and very little glucose present in the plasma 
fractions; therefore, it is not surprising that estrone was not metabolized. 


SUMMARY 


The affinity of human plasma protein fractions to bind 16-C"*-estrone 
was determined, measuring the distribution coefficient of this steroid in 
the system protein fraction: red blood cells. Fraction V appeared to have 
the greatest binding affinity, fractions I, II and II-3 had little binding 
affinity and fraction IV-1 and III-0 were intermediary. The binding affinity 
of whole plasma was somewhat greater than the sum of those of the protein 
fractions. 
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ABSTRACT OF PAPER PRESENTED BEFORE THE 
MEETING OF THE JOHNS HOPKINS 
MEDICAL SOCIETY 


February 8, 1960 
RENAL TUBULAR SECRETION-REABSORPTION OF ORGANIC ACIDS 


GiLtpert H. Mupce, Irwin M. WEINER, KENNETH C. BLANCHARD, Joun A. 
WASHINGTON, II, KerrH GARLID AND JOE ROMEO 


his paper will be published in the June issue of the Bulletin of the Johns Hopkins 
Hospital. 


FUNCTIONAL CHARACTERISTICS OF RENAL ISCHEMIA 


Tuomas A. StaMey, Freperic N. SCHWENTKER AND IRWIN J. NUDELMAN 


Unilateral renal disease, in the absence of hypertension, is characterized functionally 
by reduced urine flow (V) and an inulin concentration (U,,) the same as, or less than, 
the opposite kidney. 

Unilateral renal ischemia (or bilateral renal ischema progressing at a differential 
rate) is associated with a reduced V, but an increase in U,, . 

The use of specific solute concentrations such as urine sodium (U,,) or urine os- 
molality (U,,,,.) as indices for characterizing the ischemic reduction in V are hazardous 
and dependent for their ratio differences (U,, ischemic kidney/U,, less or non-ischemic 
kidney) on three variables: (1) the degree of reduction in GFR; (2) the solute load at 
the glomerulus and (3) the presence or absence of past pyelonephritis. 

Five cases with normal aortograms but with ischemic functional patterns are presented. 

Two cases with negative radioactive I™ renograms but with ischemic functional pat- 
terns are presented. 

Two cases with negative Howard tests, but decreased V and increased U,, , are pre- 
sented. They were cured of their hypertension following nephrectomy. 
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BOOK REVIEWS 


Intussusception in Infants and Children. By Mark M. Ravircn. 121 pp., $9.00. Charles 
C Thomas, Springfield, Ill. 

This book is the first volume in a projected series entitled Pediatric Surgical Mono- 
graphs to be published by Charles C Thomas. In addition to having written this initial 
monograph Dr. Ravitch will serve as editor for the entire series. 

The author has divided his subject matter into five parts. Chapter I surveys matters 
of historical interest. He reviews critically the slow advance of knowledge from the oft- 
quoted contributions of Hippocrates and Praxagoras, concluding that they were negligi- 
ble, through the considerable ones of John Hunter (1789) and Samuel Mitchell (1838), 
Hutchinson and Hirschsprung in the nineteenth century, to the Australians Clubbe and 
Hipsley in our own time. This chapter is brief but inclusive, is replete with direct quota- 
tions and reproductions of original illustrations, and is in all ways delightful. Chapter 
II is concerned with the clinical picture of intussusception. It begins with a reprint of 
Zeta’s description of the disease in verse—from his book The Acute Abdomen in Rhyme 
—naive but charming, and surprisingly accurate. There follows a detailed consideration 
of incidence with respect to age, sex and other variables, and an evaluation of the 
diagnostic usefulness of each symptom and sign. Chapter III is an unconventional but 
highly instructive analysis of the 23 cases of intussusception which were misdiagnosed, 
for a time at least, among the 121 which were encountered at the Johns Hopkins Hos- 
pital from 1930 on. From these errors Dr. Ravitch extracts maximum advantage in ac- 
cordance with the sound pedagogical axiom that we learn most from our mistakes. This 
section should be required reading for every pediatrician. Chapter IV is devoted to the 
pathologic picture of spontaneous intussusception and to studies, chiefly the author’s 
own, of the experimentally produced form. 

It constructs a solid foundation for the long final chapter, comprising fully half of 
the book, on treatment. Your reviewer has been convinced for many years, largely 
through observations of the author’s own handling of these cases, of the superiority 
of hydrostatic reduction under fluoroscopic control over primary operation and he is, 
therefore, not an unbiased reader. But it appears to him that the facts and figures, amply 
bolstered by reports and x-ray series of cases, which Dr. Ravitch has marshalled render 
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his verdict in favor of hydrostatic reduction incontestable. One must add hastily that 
the author does not minimize the pitfalls attendant upon the procedure but takes great 
pains to itemize them and to indicate how they may be avoided. 

One has no hesitancy in applying to this book the adjective definitive. Yet, in spite of 
its comprehensiveness and attention to minute detail, the blunt incisive writing, illumi- 
nated with flashes of the author's characteristic wit, makes for easy, pleasant reading. 
One could wish that the editors had caught up a dozen or so misspellings and mis- 
prints which mar an otherwise beautifully constructed volume but we are certain they 
will be corrected before the inevitable second edition shall have been released. As neo- 
natologists we should have liked to see the point made more clearly that intussusception 
in newborns is often symptomless except for the appearance of blood in the stools, a 
circumstance which makes diagnostic errors more common and mortality considerably 
greater in this age group. But these are minor matters. This is a fine book which every 
pediatrician, as well as every surgeon who operates upon infants and children, must own. 


\LEXANDER J]. SCHAFFER 


The Arterial Wall. Aging, Structure, and Chemistry. Edited by ALBertr I. LANsine. 
Sponsored by The Gerontological Society. 259 pp., $7.50. The Williams & Wilkins 
Co., Baltimore, Md. 

Chis monograph, an enterprise of The Gerontological Society, contains contributions 
by a number of obvious authorities. It deals broadly with the structural, chemical, and 
functional aspects of the arterial wall from the basic level. After one has read the book 
one realizes that as much effort has been spent in pointing out the gaps as the bridges 
in our knowledge of this dynamic organ. Obviously a clear understanding of athero- 
sclerosis demands more than a passing interest in the site of Jesion. As:is pointed out ina 
summation no longer can one regard atherosclerosis as a process “so independent of 
the substrate of the vessel wall that it may occur in the absence of blood vessels them- 
selves.” 

The book will not appeal to the general reader. It will be invaluable to investigators 
who want guidance for their thinking or orientation for contemplated investigation 
directed toward an understanding of the role of the vessel wall in atherosclerosis and 
the aging process. 


BENJAMIN M. BAKER 


Work and the Heart. Transactions of the First Wisconsin Conference on Work and 
the Heart. Edited by Francis F. RosensaumM ANp Exston L. BeLKNap. 537 pp., 
$12.00, Paul B. Hoeber, Medical Book Dept. of Harper & Bros., New York, N. Y. 

This book is the transactions of the First Wisconsin Conference on Work and the 

Heart which was held in Milwaukee and sponsored jointly by the Wisconsin Heart 

Association and the Marquette University School of Medicine in co-operation with the 

American Heart Association, the National Heart Institute and the Industrial Health 

Council of the American Medical Association. The subject of this book is intriguing 

to the reviewer in two aspects, namely the cardiac work as a cardiac performance and 

the physical work in relation to the heart disease. These problems are of great im- 

portance not only in Industrial Medicine and Rehabilitation of the cardiac patient but 

also in clinical cardiology. 
Although the studies of the cardiac function are numerous, our knowledge of the 
basic mechanism of myocardial function in health and disease is still scanty and in- 
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conclusive. No clinical method of measuring cardiac performance is adequate and 
satislactory for practical use. The rehabilitation of the cardiac patient has been planned 
more or less on an empirical basis rather than that of scientific measurement. Since 
human work and social life are various and the cardiac function and heart disease are 
complicated the field of this subject is broad. This book is the first monograph which 
covers well many facets of this broad subject. 

The book is divided into the six parts containing fifty-seven chapters as follows: 
Part | (10 chapters) Basic physiology, Part II (15) Clinical physiology, Part III (9) 
Pathology, Part IV (12) Work classification, Part V (11) Workman’s compensation and 
Part VI Outcome and prospects. There are ninety-three distinguished authors who 
represent many specialties. The conference was so arranged that many individual facets 
of the subject were presented and then followed by a panel discussion which was recorded 
nearly verbatim and serves as a rather succinct summary. Although some of papers 
are succinct treatises and the others are original, the conference is well and effectively 
organized, covering from basic problems to broad social applications and so serves to 
acquaint one with this subject. The materials of topics are current but most of the 
topics are neither new nor original, having been presented elsewhere previously. 

The first part of this conference deals with the function of the heart as a muscular 
machine for doing work and covers the most important facets of cardiac function. 
However certain points are likely to interest only the specialists in the field. The second 
part deals with the clinical physiology, namely the test to measure cardiac performance, 
the evaluation of functional capacity, the energy expenditure for specific activities and 
different occupations and environmental factors. Most chapters of this part are also 
of clinical importance and likely to interest not only the specialists but also non-special- 
ists. The panel on pathology deals mainly with atherosclerotic heart disease and empha 
sizes multifactorial atherogenesis. An interesting discussion of the role of intimal hemor- 
rhage in coronary artery disease is presented. In the fourth and fifth parts the results 
of work classification units are presented as well as the present status of workman's 
compensation programs along the newer approaches in this field. Since most clinicians 
are perhaps unfamiliar with this field these two parts are informative. However the 
presentations are overly long and deal in too much detail of data which are likely to 
interest only the specialists in the field. Although the atherosclerotic heart disease is the 
major concern in this field, I believe that regarding work and the heart the desire for 
information on patients with cardiac surgery for either acquired or congenital heart 
diseases may not be only the reviewer's. 

In brief, this beautifully edited and printed book is an excellant account of our 
accumulated knowledge of the heart and cardiac rehabilitation. There is no doubt 
that this book is an authoritative monograph on work and the heart and should be 
recommended to both the specialist and non-specialist in the field. 

Soon kyu SuH 


The Biology of Myelin. Vol. 4. Edited by Sau R. Korry AND JOHN I. NURNBERGER. 405 
pp., $9.50, Paul B. Hoeber, Medical Book Dept. of Harper & Bros., New York, N. Y. 

The fourth in the series of Symposium volumes entitled “Progress in Neurobiology” 
brings together a formidable breadth of information and concepts concerning the nature 
and role of myelin. Progress in visualization of the fine structure of cell membranes, 
and progress in lipid chemistry, have stimulated a renewed interest in myelin as one 
of the most intriguing of biological structures. Fifty-one highly qualified investigators, 
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including many of the most productive scholars in this and related fields, contribute to 
a well-balanced discussion of published work and of current and informal thoughts on 
myelin, myelination, demyelination, and the cells associated therewith. 

Ihe discussions range over the fields of myelin ultrastructure (Schmitt, Porter, Luse), 
myelin development (Folch, et al., Hild, Murray), physiologic properties of the myelin 
sheath (Tasaki, Shanes), glial metabolism (Elliott, Rossiter and Berry, Koenig), lipid 
synthesis and analysis (Folch, et al., Karnovsky, et al., Kennedy, Waelsch, Rapport), and 
degeneration phenomena (Harmon, S. Gluecksolm-Waelsch, Terry and Harkin, Cordie 
and Good). Exciting as they are, the presentations and discussions highlight the diffi- 
culties of effecting a meaningful union of the morphology and function of myelin, or 
of morphology and chemical process. The central problems of the relation of nerve form 
and nerve function, or of fine structure and chemistry, still elude us, as Grundfest and 
Folch ably emphasize in their discussions. The former's questioning of the assumption 
that all levels of function must inevitably be associated with structural organization at 
the level of the light or electron microscopes, is an example of the provocative nature 
of some of the discussions. 

Perhaps this sort of challenge to the assumptions accepted within each discipline is 
the raison d’étre of the symposia which flourish as never before. Data and evidence are 
better documented in individual publications, and the great advances which represent 
the results of the individual creative process seem unlikely to arise merely through 
the exchanges of the conference table. Yet a good symposium, well seeded with those 
prepared to question dogmatic postures, appears to be a useful purification rite of 
science, from which participants and readers may emerge not only with a variety of 
information and ideas, but with points of view refreshed, and possibly even radically 
changed. 


Davip BopIAN 


Physiology of Prematurity. Transactions of the Third Conference, March, 1958. Edited 
by JONATHAN T. LANHAM. 157 pp., $3.00. The Josiah Macy, Jr. Foundation, New 
York, N. Y. 

This third Macy Foundation Conference on the physiology of prematurity is devoted 
entirely to biochemical considerations. Kretchmer’ presentation of metabolic and en- 
zymatic changes during development deals primarily with the metabolism of phenyl- 
pyruvate and tyrosine in premature infants. The discussion ranges over a number of 
enzyme systems. The most obvious element in this presentation is the amount of species 
variability encountered and the difficulties encountered in reconciling various biochem- 
ical methods for studying enzyme activity. In such a young and rapidly changing field 
as enzyme chemistry this is not surprising. Yet it is somehow disquieting to find the 
experts as yet unable to give us even a tentative concept of what prematurity signifies 
from an enzymatic standpoint. 

The remainder of the conference is devoted to a discussion of bilirubin metabolism 
and its significance. Bile pigment metabolism and liver function in premature infants, 
studies on congenitally jaundiced rats, the biochemical mechanisms in glucoronide 
metabolism, and use of glucuronic acid in the treatment of bilirubinemia are considered. 
These discussions suggest some new leads and areas in which considerable more work 
must be done. As such they shed some light on a difficult and obscure problem. However, 
the only clear cut conclusion to be reached from them is that too much circulating bi- 
lirubin may damage the brain. 


It is impossible in reviewing the written record of a Macy conference not to point 
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out the advantages and disadvantages of the informal conference method utilized. The 
conference itself undoubtedly offers a great deal to the discussants as an opportunity for 
the exchange of ideas. The verbatim reporting of such a conference may be of in- 
estimable value to other active workers in the field. To the interested non-expert reader, 
however, the frequent interruptions and asides are obstacles to the development of a 
clear concept of what is being discussed. 

GrorGE W. CORNER, JR. 


Evaluation of the Pelvis in Obstetrics, 2nd edition. By Cuartes M. Sreer. 131 pp., 
$4.00. W. B. Saunders Co., Philadelphia, Pa. 

his little volume reports the life’s work of William Caldwell and Howard Moloy. 
Because of Steer’s long association with Caldwell and Moloy, it is very fitting that he was 
chosen to complete this second edition of Moloy’s book which first appeared in 1951. 

he first section of the book presents the morphology and classification of the bony 
pelvis from the obstetrical point of view. The Caldwell-Moloy classification of the 
pelvis into four distinct types with intermediate types has met with almost universal 
acceptance in obstetrical circles. However, physical anthropologists look with disdain 
upon such a simplified division of what they consider to be the infinite variety of the 
bony pelvis. 

Clinical examination of the pelvis is then discussed. Great stress is rightfully placed 
on careful bimanual examination of the pelvis, one of the neglected arts of modern 
obstetrics. However, our own local experience does not agree with Steer’s belief that 
morphologic pelvic type can be diagnosed by clinical examination. 

rhe following reactions on the mechanism of labor in normal and abnormal pelves 
and with normal and abnormal presentations is one of the highlights of the book. Cald- 
well and Moloy's X-ray studies during labor reported here are of great historical sig- 
nificance. These studies put to an end one of the great occupations of the obstetricians 
of the past. Our worthy predecessors of past centuries could not depart in peace until 
they had added forceps of their own design and a treatise on the mechanism of labor to 
the obstetrical armamentarium. Common sense and Grantly Dick Read have almost 
put an end to the designing of forceps and Caldwell and Moloy did the same service 
for the procession of weighty tomes on the mechanism of labor. 

The remainder of the book discusses the Caldwell and Moloy method for radiological 
evaluation of the pelvis and attempts to apply certain rules of thumb for determining 
whether the child may pass safely through the pelvis. Our personal experience has led 
us to prefer the Hodge’s method of stereo-mensuration of the pelvis to that of Caldwell- 
Moloy. Furthermore, we have found rules of thumb an unsatisfactory substitute for care- 
ful radiological and clinical evaluation of each case in which pelvic dystocia is suspected. 
Steer admits as much in his concluding summary. In these days of great concern over 
possible radiation damage to fetal and maternal gonads from X-ray evaluation of 
the pelvis, it would be well for everyone to read this summary and meditate on the 
agony that can be caused by failure to employ the roentgen rays whenever there is reason 
to doubt the obstetrical adequacy of the bony pelvis. 

GEORGE W. Corner, JR. 


The Functions of the Endocrine Glands. By Perer F. HALL. 290 pp., $5.75. W. B. Saun- 
ders Co., Philadelphia, Pa. 
This work may be considered a series of editorials on the endocrine glands. The 
extent of coverage is too limited to allow the inclusion of factual experimental data 
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and the conclusions frequently fail to show the existing controversies. The general 
reader who is not well-versed in this subject but is aware of these omissions, nevertheless 
will find these chapters a useful beginning for a more thorough study of the appended 
references. The sections on ‘““The Chemistry of Hormones” and “Steroid Metabolism’ 
are especially commendable. 

TuHappeus E. Prout 


A Synopsis of Skin Diseases. By BeTHEeL SoLoMons, JR. 293 pp., $6.75. John Wright & 
Sons, Ltd., Bristol, England. The Williams & Wilkins Co., Baltimore, 1959, ex- 
clusive U. S. agents. 

\s the name implies, this is a synopsis, and as such it fulfills its purpose. The author 
has condensed in an easily readable form the main features of skin diseases. It is 
suitable for a quick review of the subject. 

The main weakness of the book lies in the therapeutic approaches. Some of the 
recommended therapy seems outdated and of no proven use. Barring that, the book 
serves the purpose which the author outlines in his preface: “for the busy practitioner, 
for those who have to revise the subject rapidly and also for the student about to take 
his final examination. It does not replace the larger scope of a text-book.” 

AMAL K. KURBAN 


Manual of Skin Diseases. By Gorvon C. Sauer. 269 pp., $9.75. J. B. Lippincott Co., 
Philadelphia, Pa. 
This short manual is well illustrated with black and white and color photographs. The 
major portion of the book describes the clinical features of the common skin diseases. 
The last 32 pages are presented as a Dictionary Index. A bibliography is not included. 


T. LAWRENCE FLEISHER 
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ON THE MECHANISM OF ACTION OF PROBENECID ON RENAL 
TUBULAR SECRETION! 
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Received for publication October 26, 1959 


Probenecid appears to have two separate types of effect on renal func- 
tion, first, it decreases the excretion of a large number of organic acids; 
and second, it increases the excretion of a few substances, notably uric 
acid (1). The present paper is limited to a consideration of the mecha- 
nism underlying the former effect, the inhibition of organic acid excretion 
in mammals. The group of compounds excreted by the probenecid sensi- 
tive mechanism includes: penicillin (1), p-aminohippurate (PAH) (1), 
phenol-sulphonephthalein (1), p-amino salicylic acid (2), salicylic acid (3), 
both glucuronides of salicylic acid (4), salicyluric acid (4), acetazolamide 
(5), certain sulfonamides (6), pantothenic acid (7), chlorothiazide (8), 
phlorizin (9), 5-hydicxy irdolacetic acid (10), uric acid in the Dalmatian 
dog (1) and in the rabbit (11), ortho-, meta- and para-nitro benzoic acids 
(6), 3-nitro salicylic acid (6), and 5-nitro salicylic acid (6). All of these 
substances are organic acids. Probenecid has no demonstrable effect on 
the excretion of organic bases (12). 

Beyer (13) has summarized the original studies carried out by his group 
and has proposed a mechanism of action which has been widely accepted. 
By analogy with certain isolated enzyme systems, probenecid has been 
regarded as a “‘refractory” substrate for the mechanism underlying tubular 
secretion. According to this concept, probenecid is sufficiently similar to 
the compounds that are actively transported that it has a specific affinity 
for some essential component but it is sufficiently dissimilar to the other 
compounds that it remains affixed to this cellular component and thus 
is itself not transported (i.e. secreted) by the tubule. The major evidence 
supporting this concept is, first, that probenecid is very slowly excreted 
into the urine, and second, that the inhibition of PAH transport by pro- 
benecid analogues is inversely related to their own rate of excretion, i.e. 
the more slowly excreted compounds are the more potent inhibitors (12). 

The present studies were prompted by the hypothesis that probenecid 
might inhibit tubular secretion by a different type of mechanism. It was 
postulated that probenecid itself is actively secreted in large amounts by 

[his study was supported by a grant from the National Heart Institute (H-4015) 

* Holder of a Student Research Fellowship of the U. S. Public Health Service. 
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the proximal tubule and thus competes with other acids for transport by 
the secretory mechanism, i.e. it is not a “refractory substrate.”’ This type 
of competition has been well documented for other compounds (such as 
PAH, diodrast and phenol red) that are actively transported and which 
have high clearances (cf. 14 for review). However, if probenecid were 
secreted in this manner, in order to account for its extremely low net clear- 
ance, it would be necessary to postulate the almost complete tubular 
reabsorption of the amounts that are either filtered or secreted into the 
lumen of the tubule. 

Evidence has recently been presented that another compound (salicylic 
acid) is actively secreted by the proximal tubule, and that it is then re- 
absorbed from the tubular fluid by the back diffusion of the free acid (5). 
This latter process depends on the gradient for free acid from tubular fluid 
to interstitial fluid, and this in turn depends primarily on the volume and 
pH of the fluid within the lumen.* According to this concept, reabsorption 
occurs through a lipid-like membrane which permits the passage of the 
unionized free acid but which is relatively impermeable to anions.‘ There- 
fore, in comparing a series of compounds, it would be anticipated that the 
rates of reabsorption by this process would in general be related to both 
pKa and lipid solubility. One of the most striking characteristics of the 
probenecid analogues is that their clearances decrease as the alkyl side 
chain is increased in length (12). This alteration in chemical structure 
might be expected to have little effect on pKa but might greatly modify 
lipid solubility. On this basis it seemed reasonable to postulate that the 
net clearances might largely be determined by passive reabsorption across 
the lipid-like membrane of the tubule. 

To test the above hypothesis, the effects of urine pH and urine flow on 
the clearance of probenecid were studied in dogs. The results clearly 
indicate that probenecid is actively secreted by the tubule in large amounts, 
and that its apparent “‘refractoriness”’ is a reflection of the almost complete 
reabsorption of that which has been introduced into the tubular lumen 
both by filtration and by secretion. 

’ Dependence of pH applies only to acids with a suitably low pKa (20), but is applicable 
to the compounds considered here 

‘In our previous paper (ref. 5) the equilibrium concentration of total acid between urine 
and plasma ultrafiltrate was depicted by an equation which unfortunately contained a 


typographical error. The equation was published as: 


Cc, | 1O.PHt pKa 
Cs i | 1QO\oHr pKa 
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PROBENECID AND 


METHODS 


All experiments were performed on trained unanesthetized mongrel female dogs. Stand- 
ard clearance techniques were employed and have been previously reported in detail (5) 
Metabolic alkalosis was produced by the infusion of 0.3 M NaHCOs ; metabolic ac idosis 
was obtained by the oral administration of HCl, 10 mEq. per kilogram, on the day preced- 
ing the experiment. Creatinine was administered in the priming and sustaining infusions to 
give constant plasma levels between 20 and 30 mg. per cent. Probenecid’ was given at the 
desired dose in both the priming and sustaining infusions. ‘Timed urine collections were ob- 
tained prior to probenecid administration; appropriate blank values were determined for 
both plasma and urine, and these were subtracted from the experimental values Details 
of a representative experiment are given in Table | 

Creatinine was measured by the alkaline picrate method; urine and blood (jugular vein) 


pH’s were determined anaerobically with a Beckman Model G meter; ultrafiltrates of plasma 


rABLE I 


Excretion of Probenecid in Acidotic Dog 


Probenecid 


Time \ GFR Urine 

mir ml. /min ml. / mir pH p UV UVP UV/P 
meg. ‘ mg./min mil. / min GFR 

—60 to —45 500 ml. 0.3 M NaCl with creatinine i.\ 

—45 Start sustaining infusion at 5 ml./min. of 0.3 M NaCl with creatinine 

—4{) 300 mg. Probenecid i.\ 

0-15 5.9 78 9.18 6.40 < .0) <0.2 < Ol 

15-25 5.3 89 5.28 5.72 <.0) <0.2 <.O0l 

5-35 5.4 88 9.26 6.45 < .O1 <0.2 < .Ol 


Dog T, 17 kg. Received 150 mEq. HCI by stomach tube 18 hours before experiment. Jugu- 
lar vein blood pH = 7.37. Concentration of probenecid in plasma ultrafiltrate averaged 
0.19 X plasma concentration. 

Abbreviations in this and subsequent tables: V, urine volume; GFR, glomerular filtration 
rate; P, concentration in plasma; UV, urinary concentration X urine volume (V); UV/P, 


clearance based on plasma concentration. 


were prepared by the method of Toribara et al. (15) following equilibration with 5 per cent 
CO:. Inthe firstexperiment probenecid was determined by the colorimetric method of ‘Till- 
son et al. (16); all subsequent analyses were made with the spectrophotometric method of the 


same authors. 
RESULTS 

pH Dependence of Probenecid Excretion. In confirmation of the report of 
Beyer et al. (1), the renal excretion of probenecid may be negligibly small. 
However, this obtains only when the urine is neutral or acid (Tables | 
and III). In the experiment cited in Table I, the renal clearance of pro- 
benecid was less than 1.0 per cent of the simultaneously determined glo- 
merular filtration rate (GFR). However, when metabolic alkalosis was 
Probenecid was generously supplied by the Merck, Sharpe and Dohme Research Lab- 


oratories as the chemically pure powder of their product Benemid® 
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TABLE II 


Excretion of Probenecid in Alkalotic Dog 


GFR 


0.3 M NaHCO 


Probenec 


Urine 


135 mg. Probenecid i.v 


Start sustaining infusion at 4.8 ml./min 


_ 


inine) and with probenecid |.2 mg 


6.0 
6.1 


5.1 


AH 3 gems. 


.7 
7 @ 


4.4 


6.3 


53 
55 
48 
1. 
+4 
44 
41 


/ 
/ 
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and ad 


Cc 
/ 
/ 
/ 


= P UV 


mg. min 


with creatinine i.v 


ml 
62 20 2.96 
.77 5.28 2.68 
79 6.30 » Ae 
led to sustaining infusion to give 
.59 11.2 1.10 
69 11.8 1.48 
.65 12.3 1.31 


ml 


id 


UVP 


min 


56 
51 
44 
22 mg 
10 
13 
11 


UV/P 
GFR 


of 0.3 M NaHCO, (with creat- 


1.06 


min 


7.60. Concentration of probenecid in plasma 


ultrafiltrate averaged 0.34 & plasma concentration in first three periods and 0.30 in last 


three periods. Plasma concentration of PAH in last three periods was constant at 58 mg_ per 


cent. 


Dog 


D 


a a 


Dt 


All experiments were done with protocols generally similar 
three experiments were similar to Table IL with large doses of 


periods designated Experimental 


Condition 


Acidosis 
Acidosis 
Alkalosis 
Alkalosis 
Alkalosis 
Alkalosis 


Alkalosis 


Alkalosis 


Control 
Exper 
Control 
Exper 
Control 


Exper 


Summary ¢ 


Probenec 


Plasma 
pH P 
mg I 

7.43 | 2.2 
7.37 | 6.2 
7.56 0.7 
7.65 4.5 
7.98 | 2.1 
7.63 1.1 
7.68 1.3 
7.64 1.4 
7.62 | 1.5 
7.59 5.9 
7.61 11.7 


Eact 


rABLE III 


»f Probenecid Clearances 


1 value is average of three 


PAH being given during 


id Probenecid 
' Pe Urine a _ R ce 77 Excreted 
Pp "Or pH min min Big pt P uv P Filtered 
min. min, | GFR GFR X 
k 
07 7.03 6.0 61 10 5 08 1.1 
19 5.25 5.5 85 <.01 <.2 \<.01 <.05 
ws 7.82 6.5 // 1.0 158 2.05 
24 7.98 8.0 170 | 2.7 62 .88 3.7 
28 7.96 | 11.6 | 109 | 4.0; 191 | 1.75; 6.2 
t 7.78 6.7 55 PY 66 | 1.19 
t t 7.85 6.6 52 is 24 .47 
23 7.92 9.8 38 12 89 1.71 7 
27, 24 «7.87 6.8 38 4 26 .45 1.7 
34 Pe - 32 | 2.9 50 .97| 2.9 
30 58 «7.64 6.4 3 | 1.4 12 27 9 
to those of Table I. The last 


the 


consecutive clear ance 


periods. All probenecid values have been corrected for plasma and urine blank readings 


obtained for each individual experiment 


cent; urinary blank averaged 0.10 mg 


* Too low to determine 


+ Probenecid analyzed by colorimetric procedure 


t Not determined 


min. 


Plasma probenecid blank averaged 0.57 mg. 
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induced by the infusion of 0.3 M NaHCO,, probenecid excretion was 
greatly increased and its clearance became equal to or greater than the 
GFR (Tables II and III). When consideration is given to binding of 
probenecid to plasma protein, all of the experiments with high urinary 
alkalinity demonstrate the renal tubular secretion of probenecid, i.e. the 
amount of probenecid excreted in the voided urine is far in excess of that 
filtered at the glomerulus (cf. Table III). 

Effect of Unne Volume. The concept of reabsorption by passive back 
diffusion of unionized free acid implicitly denotes that the degree of reab- 
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V/GFR 
—_— Blood Urine GFR Plasma Probenecid 
—_— pH pH ml. /min mg./100 ml 
A 7.51 7 .88-7 .97 63-73 +.5-4.8 
O 7.57 7 .84-7 .92 59-71 3.8-4.5 


Fic. |. Effect of urine flow on probenecid excretion with persistently alkaline urine 
Data from two experiments on dog T infused with 0.3 M sodium bicarbonate at 6 ml. /min. 


(triangles) and 12 ml./min. (circles) 


sorption depends on both the pH and rate of urine flow. This follows from 
the fact that both of these factors determine the concentration of the un- 
ionized free acid in the tubular fluid. The experiments depicted in Figure 
| show that probenecid excretion is markedly increased by a rise in urine 
flow when urinary pH remains relatively constant. The results are con- 
sistent with the reabsorptive mechanism described above. It should be 
emphasized that these findings indicate that an appreciable amount of 
probenecid may be reabsorbed from a highly alkaline urine. 

Identification of Probenecid in Urine. The validity of these experiments 
depends on the definitive identification of the compound in the urine as 
probenecid. As indicated in Figure 2, the ultraviolet absorption spectrum 


for the urinary product was identical to that for authentic probenecid. 
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A similar absorption spectrum was also obtained for the material extracted 
from the plasma. 

Tillson et a/. (16) have shown that when probenecid is administered to 
dogs over a prolonged period of time, a number of easily hydrolyzed me- 
tabolites could be identified in 24 hour urine samples. No free probenecid 
was considered to be excreted and the major metabolite was identified 
as the glucuronide conjugate (17). Although the very short duration of the 
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Fic. 2. Ultraviolet absorption spectrum of urinary product and authentic probenecid 
The curve for the urinary product was obtained by carrying a sample of urine (voided dur- 
ing alkalosis) through the routine analytical procedure and determining the spectrum of the 
final aqueous phase (0.1 N NaOH). The values presented are corrected for the urinary 
blank voided prior to the administration of probenecid. The authentic probenecid was 
analyzed in 0.1 N NaOH without prior extraction. The observed values for the urinary 


product have been corrected to give a peak optical density equal to that of probenecid 


present experiments makes it unlikely that large quantities of metabolites 
could account for the material measured in alkaline urines, this possibility 
must be rigidly excluded. A definitive identification of the excretory prod- 
uct was therefore obtained by isolation and crystallization (see Table IV). 
The yield was in remarkably close agreement with theory as calculated 
from the spectrophotometric analyses. We are unaware of any urinary 
metabolite that would be hydrolyzed by the extraction procedure and con- 


clude that the compound excreted in the urine is probenecid itself. 
Effect of p-Aminohippurate (PAH) on Probenecid Excretion. Competition for 
transport is one of the fundamental characteristics of the active tubular 
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secretion of organic acids. As indicated in Tables II and III, the adminis- 
tration of PAH in amounts sufficient to produce a high plasma level 
sharply decreased the urinary excretion of probenecid. ‘This occurred in the 
absence of any significant change in GFR, urinary pH or urine flow. The 
results are interpreted as indicating that PAH competes with probenecid 
for secretory transport. With the relative concentrations of the two com- 
pounds employed in these experiments, PAH displaces probenecid from 
the transport mechanism. It is apparent from the study of Beyer (12) that, 
when the PAH plasma concentration is lower than that of probenecid, the 
results are reversed, i.e. probenecid inhibits PAH secretion. This phenom- 


enon has been confirmed in the experiments shown in Table V and Figure 
rABLE IV 
Isolation of Probenecid from Urine 


Probenecid Excretion 


\mount estimated by spectrophotometric method 74 mg 
Amount obtained by isolation and crystallization 77 mg 


Melting points 


Authentic probenecid 201-201 .5°C. 
Urinary product 201-203 °C. 
Mixed 200-203 °C 


Dog D, experiment shown in Table II. After routine analyses remaining urine from first 


} clearance periods was pooled, 20 ml. concentrated HCl was added, and final volume made 


up to 220 ml. This was extracted 3 times with an equal volume of chloroform. The pooled 


chloroform was extracted once with 100 ml. 0.1 M NaOH; the aqueous phase was separated 


and acidified with 2 ml. concentrated HCl. After standing at 4°C. overnight, the resultant 


white precipitate was filtered off, washed with ice-cold water, and dried in ait 


}. The findings are therefore consistent with inhibition of the competitive 
type. A more extensive analysis of the quantitative aspects of the competi- 
tion between PAH and probenecid can not be obtained at present. It 
is probable that some probenecid is reabsorbed even at a high urinary pH. 
Hence the true rate of probenecid secretion can not be estimated with cer- 
tainty. 

Effect of Acid-Base Balance on Probenecid Inhibition of PAH Secretion. The 
question arises whether changes in acid-base balance have a direct in- 
fluence on the secretion of probenecid (as well as on its reabsorption) or 
whether tubular secretion is constant and unaffected by changes in pH. 
The most direct answer to this question would involve the analysis of 
tubular fluid obtained by micropuncture. A more indirect approach is 
aflorded by the examination of the influence of changes in acid-base 
balance on the probenecid inhibition of PAH secretion. Competition for 


tubular secretion can only be demonstrated during alkalosis. However, if 


rABLE V 


Probenecid Inhibition of PAH Clearance Effects of Acid-Base Balance and 
Rate of Probenecid Excretion 


Urine GFR Plasma CPAR 
GFR 
= Proben CProbenecid 
Dog Condition \ PAH pics oat jouee 
pH ml ml. min —_— 
min Ratio = 
mg : 
B Acidosis Control +.62 7.1 90 1.3 2.68 49 
Exper 5.05 ‘a 104 1.8 14.3 <i 1.29 
B Alkalosis Control 7.81 10.1 128 1.6 2.78 50 
Exper 7.78 13.6 128 i 16.4 i+ 1.39 
I Acidosis Control 9.24 8.0 83 1.4 3.28 37 
Exper 6.34 9.1 78 2.8 14.9 << 1.22 
I Alkalosis Control 7.85 9.3 7 1.9 2.8 +9 
Exper 7.85 9.3 68 3.2 18.2 22 1.37 


Each value is the mean of three consecutive clearance periods. General experimental 
design was similar to the protocol of Table II. Rate of sustaining infusion of PAH remained 
constant throughout the experiment. In the experiments in acidosis, the dogs were pretreated 
with HCl by stomach tube, 10 mEq./kg. During the experiment the sustaining infusion con- 
tained 5 per cent mannitol in isotonic saline and was administered at a rate of approximately 
10 per cent of the anticipated GFR. In the alkalosis experiments, the sustaining infusion 
was 0.3 M NaHCO, administered at the same rate. All infusions contained creatinine; in 
alkalosis, probenecid was added to the sustaining infusion in amounts calculated to com- 


pensate for renal loss 
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Pp mg. /100 ml 
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Alkalosis 7.92-8.02 5.3-7.2 46-51 1.6-2.8 
Acidosis 6.12-6.78 6.4-8.0 47-55 1.5-2.5 


Fic. 3. Effect of increasing plasma concentration of probenecid on PAH clearance in 
acidosis and alkalosis. Dog. D. See Table V for composition and rate of infusions. After 2 
control periods probenecid was added to infusion. Rate of PAH infusion kept constant 
throughout; decreased PAH excretion resulted in gradual rise of plasma PAH concentra- 
tion 
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for a given plasma level of probenecid, the effect on PAH secretion were 
not diminished by acidosis, this would suggest that the same amount of 
probenecid traverses the tubular transport mechanism in acidosis as in 
alkalosis. As shown in Table V, paired experiments were carried out on 
two dogs. PAH was infused to provide a low plasma concentration; rates 
of urine flow were kept constant by appropriate adjustments in the infu- 
sions. The results clearly indicate that at comparable plasma levels of pro- 
benecid the depression of PAH clearance was approximately the same in 
acidosis as in alkalosis. This was further examined in the experiments 
depicted in Figure 3. In this instance, plasma probenecid was gradually 
elevated. The relationship between PAH clearance and plasma probenecid 
was unaffected by changes in acid-base balance. 

[hese experiments are interpreted as evidence that probenecid is se- 
creted into the tubular lumen in essentially the same quantity in acidosis 
as in alkalosis. Two alternative interpretations seem highly improbable, 
but are listed for completeness. First, the concept that probenecid acts by 
competitive transport, might be denied in its entirety. Or secondly, while 
the effects of probenecid on PAH secretion during alkalosis might be at- 
tributed to competitive transport, it might be proposed that probenecid 
had a different mechanism of action in acidosis. ‘This would require that 
probenecid act by two separate mechanisms to produce the same degree of 
inhibition, a circumstance that is highly improbable. 

Probenecid Analogues. ‘The previous studies by Beyer (12) on the N sub- 
stituted analogues of probenecid showed that renal clearance decreased 
as the length of alkyl substitutions increased. The lipid solubility and 
pKa of this series® have been determined and are given in Table VI along 
with the clearance ratios previously reported by Beyer (12). Although 
urinary pH was not reported in these experiments, it may be confidently 
assumed that it was either neutral or slightly acid since the animals were 
not pre-treated with alkali. N-alkyl substitution has virtually no effect 
on pKa but has a striking influence on partition coefficient. There is an 
excellent correlation between lipid solubility and low clearance, which is 
best interpreted as a direct correlation between lipid solubility and rate of 
reabsorption. Most previous considerations of this problem have made the 
tacit assumption that a compound secreted by the tubule does not undergo 
reabsorption. On this basis, structural requirements for secretion have 
been proposed (18), and it has been speculated that factors of polarity 
and lipid solubility may be related to the manner in which a compound 
becomes oriented to the secretory mechanism (19). These interpretations 

° The probenecid analogues were generously furnished by Drs. Karl H. Beyer and John 
E. Baer of the Merck, Sharpe and Dohme Research Laboratories. 
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warrant re-examination because of the present evidence indicating simul- 
taneous secretion and reabsorption. 
DISCUSSION 
These studies indicate that probenecid is actively secreted by the same 
renal tubular mechanism that secretes PAH and other organic acids. The 
rABLE VI 
Probenecid Analogues 


Compound 


K 
HOOC SO2N Cx . . Chloroform 
R’ GFR isis Pp Water 
R R 
H H a 5.3 < .002 
H CH 2.6 3 12 
CH CH 2.3 3 6.0 
CH CH 5) 5.3 13 
C.H CoH; 7 ‘3 75 
C.H C;H l 3 ca. 250 
C3H; C;H <.01 3.4 > 2,000 


Clearance ratios (uncorrected for plasma protein binding) were obtained from the data 
of Beyer (12), being the mean values reported at concentrations of approximately 2 mg. of 
compound per 100 ml. of plasma 

Probenecid is the last compound listed 

The pKa values of the first six compounds were determined by the change in ultraviolet 
absorption spectra at constant ionic strength (0.16M) in HCl, NaOH and citrate buffers 
from pH 3.0 to 3.8. See Butler ef a/. (22) for general procedure. Measurements were made 
at room temperature (ca. 25°C); due to minor variations in temperature the data are con- 
sidered significant to only two figures. The pK‘a of probenecid could not be determined by 
this procedure due to its insolubility in acid. The reported value is from Shore ef al. (23 

Che partition coefficients (Kp) were determined for a chloroform-water system at room 
temperature (25°C). The aqueous phase consisted of 0.15M HCl; the chloroform had been 
previously washed with acid, alkali and water. Both solvents were equilibrated with each 
other before aliquots were measured for the distribution studies. The compound was added 
to the aqueous phase to give a concentration of 15 wgm. per ml.; the two phases were shaken 
for 30 minutes, separated, and analyzed. The relative volumes of the two phases were ad- 
justed in an attempt to distribute equal amounts of drug in each phase, but this was not 
possible at the extremes of Kp 


net clearance of probenecid varies widely depending on urine pH and flow. 
Under normal conditions, with spontaneous aciduria, probenecid excre- 
tion is virtually nil; when the urine is alkalinized, probenecid excretion 
greatly increases. All of the findings are consistent with the concept that, 


under normal circumstances, probenecid is continuously secreted and re- 


absorbed, and that the process of reabsorption depends on non-ionic dif- 
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fusion. When the relative concentration of the unionized free acid is de- 
creased within the tubular fluid, less probenecid is reabsorbed, more is 
excreted in the voided urine, and tubular secretion becomes manifest. 
The renal mechanisms are qualitatively completely analogous to those for 
salicylate (5). 

Che demonstration that probenecid is itself secreted by the renal tubule 
provides a reasonable explanation for the mechanism by which it inhibits 
the renal tubular secretion of other acids. Rather than being a “‘refractory” 
substrate that is incapable of being transported by the secretory mecha- 
nism, probenecid is actively secreted and competes with other compounds 
for the transport system. Hence, competive inhibition may be regarded as 
the basis of its action on renal secretory transport. The probenecid ana- 
logues provide an opportunity to examine the role of lipid solubility inde- 
pendently of changes in pKa. These data reveal an inverse correlation 
between lipid solubility and renal clearance. Their excretion constitutes a 
continuous spectrum with clearances ranging from essentially zero up to 
the theoretical maximum, i.e. values approaching renal plasma flow. Thus, 
the clearances ratios vary from 0.0 to 3.1. Since the compound (probenecid ) 
which has the lowest clearance is shown to be secreted by the tubule, it is 
logical to believe that the others are likewise secreted.’ It is proposed that 
the differences in net excretion are related to lipid solubility which in turn 
determines the rate, and hence extent, of tubular reabsorption. It is of 
interest that this correlation supports the concept that non-ionic diffusion 
of weak acids determines tubular reabsorption rather than tubular secre- 
tion (cf. 5). If tubular secretion were to occur by this process it would be 
anticipated that lipid solubility would enhance excretion, rather than de- 
crease it. 

Further insight into the nature of the reabsorptive process is obtained 
by a consideration of its quantitative aspects. In the experiments with 
probenecid in which the urine was acid, no significant probenecid excre- 
tion was observed with plasma levels up to 15 mg. per cent. Beyer (12) 
obtained similar findings with a maximal plasma concentration of 32 
mg. per cent; Tillson et a/. (16) failed to observe urinary probenecid excre- 
tion in dogs receiving 200 mg. kg. per day for several weeks, a dose which 
we estimate would yield an initial plasma concentration of at least 70 
mg. per cent. A single experiment designed to produce plasma levels higher 
than these reported was unsuccessful due to drug toxicity. Nevertheless, 
within the limits of the reported observations, a maximal rate of tubular 


reabsorption of probenecid can not be defined for aciduric dogs. The ab- 


‘ Supporting evidence for the tubular secretion of the analogues of probenecid is pro- 


vided by the observation that their excretion is depressed by the administration of PAH (12) 
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sence of a maximal rate is consistent with passive diffusion, as are the effects 
of pH and urine flow cited above. While probenecid appears to influence 
the apparent tubular reabsorption of uric acid, there is no evidence as 
yet available which justifies an interpretation of the uricosuric action in 
terms of the mechanisms underlying the reabsorption of either probenecid 
or urate. 

While knowledge of the relative potency of competitive inhibitors of 
tubular transport has obvious application in establishing therapeutic regi- 
mens, it should be emphasized that the concept of potency has certain 
severe limitations when applied to the study of the nature of the under- 
lying transport mechanism. For example, an attempt to establish the 
relative affinity of compounds for the PAH secretory mechanism has been 
made on the basis of the total intravenous doses of the compounds being 
studied (18). Such an approach seems of doubtful validity since it fails to 
consider the effects of distribution, metabolism and excretion of the ad- 
ministered compounds. For example, equivalent inhibition of penicillin 
secretion requires different total doses of the inhibitors probenecid and 
carinamide, but when plasma concentration is used as the basis of com- 
parison, the two drugs are equipotent (12). However, even the plasma 
level may not be an entirely valid parameter. It is quite possible that 
compounds, such as probenecid, which have a high oil, water partition 
coefficient, may be reabsorbed from the tubular lumen at the same site 
in the nephron at which they are actively secreted. This would permit the 
same molecule to recycle through the secretory mechanism.’ Hence, at 
constant plasma levels, the amount of inhibitor actually secreted may be 
much higher for compounds that are lipid soluble than for those that are 
lipid insoluble. A proper evaluation of competitive transport would require 
a knowledge of both the unidirectional fluxes and the concentrations of 
substrates at the site of reaction with the transport mechanism. Since 
neither of these has been measured it is not possible either to evaluate 
precisely the relative affinity of compounds for the transport system or to 
make inferences as to the nature of the reactive groups of that mecha- 
nism. Taggart (19) has previously called attention to the diversity of chem- 


* On the basis of the concept of re-cycling, one might expect that the apparent potency 
of probenecid as an inhibitor of PAH transport would be greater in acidosis than alkalosis, 
since an acid urine facilitates tubular reabsorption. However, the experiments previously 
cited suggested that potency was largely independent of urinary pH. It is emphasized that 
the design of these experiments may not permit the detection of small changes in potency 
Furthermore, PAH (and presumably other organic acids) is secreted by the proximal con- 
voluted tubule. At this site changes in the pH of the luminal fluid are probably much less 


than the changes observed in voided urine (21). This would minimize the effects of acid-base 


balance on probenecid reabsorption within the proximal tubule 
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ical compounds actively secreted by the tubular mechanism for organic 
acids. If probenecid sensitivity, rather than a clearance value approximat- 
ing that of PAH, is used as the criterion for the secretion of a compound 
by this mechanism, the number and variety of compounds that are in- 


volved is greatly increased, as indicated in the Introduction. 
SUMMARY 


The renal excretion of probenecid has been studied in normal dogs in 
which urine flow and urinary pH were varied over a wide range. An in- 
crease in urinary pH is associated with an augmentation of probenecid 
excretion of such a magnitude that more probenecid is excreted in the 
urine than is filtered at the glomerulus. The tubular secretion of probenecid 
is thereby demonstrated. Probenecid excretion is similarly increased by a 
rise in urine flow. Probenecid excretion is markedly depressed by large 
doses of PAH. This is interpreted as the competitive suppression of the 
tubular secretion of one compound by another, both compounds being 
secreted by the same mechanism. Probenecid analogues show a direct 
correlation between lipid solubility and low clearance values. Factors are 
discussed which influence the apparent potency of probenecid as an in- 


hibitor of tubular transport. 
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It is the purpose of this paper to call attention to changes in the glo- 
meruli of some patients with cyanotic congenital heart disease and of some 
patients with a related condition, so-called primary pulmonary hyperten- 
sion. These changes include hypercellularity and intercapillary deposition 
of eosinophilic material particularly in the area of the axial stalk of the 
mesangium, and alterations of the basement membrane. 

This study has been in progress since the observation in 1956 of altera- 
tions in the basement membrane and increased cellularity in the glomeruli 


of two patients with congenital heart disease and mild hypertension. 


MATERIALS AND METHODS 


Sections of kidneys from 492 autopsies were reviewed in numerical sequence without 
knowledge of diagnosis. Included were 458 patients with congenital heart disease, 12 with 
primary pulmonary hypertension and 22 with miscellaneous other diseases as, for example, 
polycythemia vera, rheumatic heart disease, chronic pulmonary disease and constrictive 
pericarditis. 

The 458 cases of congenital heart disease were selected in sequence from the autopsy 
files of the Johns Hopkins Hospital representing nearly consecutive cases of congenital 
cardiac malformations during the ten year period from January 1948 through February 
1958. The only cases excluded were those in which the nature of the cardiac defect was not 
clear because of inadequate or conflicting clinical or anatomical descriptions or those in 
which satisfactory sections of the kidneys were not available. There were 288 cases of cyanotic 
and 170 of acyanotic congenital heart disease (Table 1) including more than 25 varieties. 
Classification into cyanotic and acyanotic groups and into individual types was primarily 
anatomic, in the main that outlined by Taussig (1), but exceptions to this morphological 
classification were made wherever indicated by pertinent historical or physiological data 
as, for example, in the cases of patent ductus arteriosus with reversal of flow and of auricular 
septal defect with cyanosis. 

In virtually all cases at least one section of each kidney was reviewed, but in many several 
different sections of each kidney were studied. Tissues were fixed in Zenker-Formol and 
embedded in paraffin. All preparations were stained with hematoxylin and eosin. Addi- 
tional stains were used when indicated, but most observations were made from hematoxylin 
and eosin and periodic acid-Schiff preparations. Routine sections were six micra thick, 
but many blocks were recut at two to four micra including all cases considered to show 
significant glomerular alterations. 

The clinical records of the patients with cardiac malformations were reviewed in detail, 
particular attention being focused upon: age, color, sex, operations, cyanosis, clubbing, 
history or laboratory evidence of streptococcal infection, arterial oxygen saturation, conges- 
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tive heart failure, use of mercurial diuretics, blood pressure, hematocrit, urinalysis, tests ol 


of renal function, serum non-protein nitrogen and serum cholesterol. 


RESULTS 


Glomerular alterations were observed in 20 of the 492 cases. Five of the 
20 were eliminated from further consideration because of the coexistence 


rABLE I 
458 Cases of Congenital Heart Disease* 


Cyanotic 
retralogy of Fallot (include extreme dextroposition of aorta) 
Transposition of great vessels 
Hypoplasia or atresia right ventricle with tricuspid atresia 
Miscellaneous 
**Pure’’ pulmonic stenosis with right to left shunt 
Taussig-Bing 
Single ventricle with rudimentary outflow chamber and cyanosis 
Hypoplasia or atresia aortic orifice 
Truncus arteriosus with cyanosis 
Auricular septal defect with cyanosis 
Anomalous return pulmonary veins with cyanosis 
Eisenmenger with cyanosis 
Reverse ductus 

Total 


Acyanotic 
Miscellaneous and mixed 
Coarctation of aorta 
Anomalous return pulmonary veins without cyanosis 
Auricular septal defect without cyanosis 
Ventricular septal defect 
Pure pulmonic stenosis without cyanosis 
Eisenmenger without cyanosis 
Anomalous origin left coronary artery 
Patent ductus arteriosus 
Truncus arteriosus without cyanosis 
Single ventricle without cyanosis 
Endocardial fibroelastosis 

Total 


* Nearly consecutive autopsy cases Johns Hopkins Hospital January 1948 through Feb- 


ruary 1958. 


of diseases known to produce glomerular lesions: pre-eclampsia, grossly 
apparent renal vein thrombosis, periarteritis nodosa and septic embolism. 
Careful review of all histologic material from the other cases revealed no 
disease to which the glomerular alterations might reasonably be attributed. 
Each of the 15 remaining patients (henceforth referred to as the ‘‘positive 
cases”) had a cardiac malformation of cyanotic type with the exception 
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of one individual with primary pulmonary hypertension (Table I1). The 
largest number of positives occurred among patients with complete trans- 
position of the great vessels. Among 67 cases of the latter were eight with 
glomerular lesions. Among 109 cases of tetralogy of Fallot and like defects 
was one positive and among 14 cases of the Taussig-Bing syndrome one 
was positive. Among |] cases of single ventricle with cyanosis one was 
positive, and among 23 cases with miscellaneous cyanotic malformations 
three were positive. Of 12 cases of primary pulmonary hypertension one 
showed glomerular lesions. The positive group consisted of nine males 
and six females ranging in age from ten months to 17 years. ‘Though there 
were 14 white patients and only one negro among the 15 positive cases, 
this disproportion merely reflects the racial distribution of the population 


TABLE II 


Cases with Glomerular Lesions* 


No. of Cases with 


No. Cases S “dt 
Glomerular Lesion 0. of Cases Studied 


rransposition of great vessels 8 67 
Taussig-Bing ] 14 
Tetralogy of Fallot ] 109 
Miscellaneous cyanotic 3 23 
Single ventricle with rudimentary outflow tract l 11 


(cyanotic) 
* From 458 cases of congenital heart disease January 1948 through February 1958. 
+t See Table I. 


of the cardiac clinic during the period studied. Positive cases occurred with 
relatively constant frequency throughout the period 1948 to 1958. 

It must be emphasized that these figures for the incidence of glomerular 
lesions are low in that the criteria for evaluation of histologic changes were 
very strict. Only when abnormalities were clearly and quickly evident in 
at least 50 per cent of the glomeruli examined was a case classified as posi- 
tive. Lesser degrees of change were present in many other cases of cyanotic 
congenital heart disease and primary pulmonary hypertension but are not 
included in this report. 

Cases | to 14 (Table III) are those positive cases with cyanotic cardiac 
malformations which were observed in the review of the ten-year period 
from 1948 to 1958 and are numbered in order of decreasing severity of the 
renal lesion. Three further examples of this renal change in cyanotic 
congenital heart disease which have been observed are designated cases 
15 to 17 (Table III). All descriptions which follow are based upon the 
findings in all 17 cases. 
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Among 100 control cases of comparable age, sex and color without 


cyanotic congenital heart disease, none showed glomerular changes of the 


type seen in cyanotic congenital heart disease. 
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! Rare microscopic 

2 Occasional microscopic. 

> Medullary tubular necrosis with inflammation—especially eosinophils; papillary ne- 
crosis. 

‘ Intramural venous calcification. 

> Left kidney hypoplastic; also old infarct. 

6 Peculiar peri-pelvic and intramural arterial and venous calcification. 


7 Right nephroptosis, bladder diverticulum and hydronephrosis. 


The Nature of the Histologic Changes in the Glomeruli. The renal findings are 
summarized in Table [V. The most striking changes were observed in the 
glomeruli which were very prominent in nearly all cases and were notably 


enlarged in ten (Figs. 6, 10). In a number of instances there was congestion 
of the glomeruli, sometimes with extreme dilatation of the capillaries along 
the peripheral margins of the glomerular tufts (Figs. 3, 4, 8). The hilar 
‘afferent’ arterioles in sucly cases were often congested or dilated. 




















Fic. |. Normal glomerulus, age 6. The dark areas, commonly referred to as the axia 
or central stalk of the mesangium, are of average prominence. Periodic acid-Schiff. ( 350.) 


- 





Fic. 2. Case 17, age 4. Excessive fibrillar material in mesangium, particularly in axial 
stalk. Axial hypercellularity is obscured by deeply staining fibrillar material. Peripheral 
capillaries are dilated. Periodic acid-Schiff. (x 350.) 
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Fic. 3. Case 17, age 4. Prominent axial stalk with hypercellularity and eosinophilic de 
posit. Peripheral capillaries are dilated. Hematoxylin and eosin. ( 350.) 





Fic. 4. Case 7, age 16 months. Prominent axial stalk with slight hypercellularity and ex- 
cessive eosinophilic deposit. Peripheral capillaries are dilated. Hematoxylin and eosin. 
(x 350.) 
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Fic. 5. Normal glomerulus, age 6 weeks. Periodic acid-Schiff. ( 350.) 





Fic. 6. Case 15, age 5 weeks. Markedly enlarged glomeruli with excessive intercapillary 
material and cellularity. Hematoxylin and eosin. ( « 350.) 
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Fic. 7. Case 5, age 15. Excessive intercapillary material and cellularity predominantly 
in the area of the axial stalk. The tufts are unequally affected; some peripheral capillaries 
are dilated. In the tuft farthest to the left there is “‘thickening of the basement membrane.” 
The juxtaglomerular apparatus is prominent. Hematoxylin and eosin. ( x 350.) 


Fic. 8. Case 5, age 15. Similar to Fig. 7, but there is hyalinization of the intercapillary 


region in the top-most tuft to the left of center. Hematoxylin and eosin. ( x 350.) 
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Fic. 9. Case 1, age 17. Advanced lesion; the tufts are unequally affected. Some capil- 
laries are obscured by excessive intercapillary precipitate and cellularity. ‘The basement 
membranes at the top of the glomerulus are thickened and irregular. Periodic acid-Schiff. 
( x 350.) 





Fic. 10. Case 3, age 5. Marked enlargement of the glomerulus, intercapillary precipi- 
tate and rather diffuse cellularity. Tufts are matted together and landmarks are indistinct, 
but prominence of axial stalks as in other cases can be seen in other glomeruli. There are 
also excessive numbers of endothelial nuclei and numerous tiny unidentified spherical 
structures are scattered throughout the glomerulus. Hematoxylin and eoxin. ( x 350.) 
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Fic. 11. Case 16, age 19. Axial hypercellularity accompanied by granular eosinophilic 
material affecting tufts selectively with “thickening of the basement membrane” in lower- 
most tuft to the right of center. Hematoxylin and eosin. ( X 350.) 





Fic. 12. Case 16, age 19. Striking focal deposition of granular eosinophilic material. 
Slight axial hypercellularity in virtually all tufts. Hematoxylin and eosin. (x 350.) 
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A particularly distinctive change common to all cases was the presence 
in the intercapillary tissue, particularly in the region often described as 
the central stalk of the mesangium, of a fibrillar or granular eosinophilic 
material which was vividly positive in periodic acid-Schiff and light brown 
in phosphotungstic acid hematoxylin preparations (Figs. 2, 3, 4, 6, 7, 9, 12). 
Occasionally the material was virtually hyaline; in two such cases several 
lesions were very similar to the nodular lesions described by Kimmelstiel 





Fic. 13. Primary pulmonary hypertension, age |. Excessive intercapillary fibrillar 
material and cellularity in the area of the axial stalk. Peripheral capillaries are dilated. 
Periodic acid-Schiff. ( 350.) 


and Wilson (2) (Fig. 8).' At times the eosinophilic substance seemed to 
be partially superimposed upon or even split off from the basement mem- 
branes. Accompanying this material was an increase in the number of 
cells in the central stalk (Figs. 3, 4, 6, 7, 11). The nuclei of these cells 
were usually though not always large and vesicular. Their cytoplasm was 
not clearly delineated and their identity is not known. Changes were some- 
times limited to or excessively prominent in specific tufts (Figs. 7, 9, 11) 

! The cases with nodular lesions were age 17 and 15; though blood sugar determinations 
were never performed, there was no clinical evidence of diabetes mellitus and urine sugar 
tests were negative. 
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but involvement of all tufts of the glomerulus was frequent (Figs. 2, 3, 4, 6). 
More extensive cell proliferation not restricted merely to the central stalk 
was present in several additional cases (Fig. 10), and in several cases the 
number of endothelial nuclei was significantly increased. With extensive 
changes there was encroachment upon capillary lumina. The changes were 
sometimes slightly more intense toward the hilum of the glomerulus in the 
region where one would expect the volume of the central stalk to be great- 
est. Though this hilar predominance was not constant, when present it 
rendered the juxtaglomerular apparatus unusually prominent. 

‘Thickening of the basement membrane” was present in at least six 
cases (Figs. 7, 11). However, the mesangial changes were so prominent in 
many Cases as to obscure the nearby basement membranes and it was then 
difficult to draw any conclusions about the condition of the obscured 
portion of the basement membrane. At times the basement membranes 
appeared frayed and moth-eaten (Fig. 9). 

Polymorphonuclear leukocytes and capsular adhesions were not present. 
Rare capillary thrombi were observed in the glomeruli in two cases. 

Spherical objects one-fifth to one-half the diameter of erythrocytes were 
seen in many glomeruli in cases 3, 5 and 15. Unlike erythrocytes, these 
were amber in both hematoxylin and eosin and periodic acid-Schiff prep- 
arations, and they were found both within and outside capillary lumina 
(Fig. 10). Their significance is not known. 

Non-specific hyalinization of glomeruli was no more common or ex- 
tensive than in cases of congenital heart disease without the presently 
reported lesions. The peculiar vulnerability of the juxtamedullary glomer- 
uli described by Rich (3) in lipoid nephrosis was not observed in these 
cases. In the absence of unilateral complications grossly disturbing renal 
symmetry (unilateral agenesis etc.), the glomerular alterations were with- 
out exception bilaterally identical in character and severity. 

Other Renal Findings. There were no consistent gross abnormalities and 
there was no increase in weight above normal controls. Among the older 
patients there was no indication of retardation in glomerular development. 
Among the younger patients there was an impression of precocious ma- 
turity, but this was imparted in large part by the striking increase in size 
of affected glomeruli. 

The incidence of renal malformations in the positive cases corresponded 
to that in the negative cases of the cyanotic and acyanotic groups. Tubular 
changes, overall, were not conspicuous; hyaline or colloid droplets were 
infrequently observed. 

Small interstitial deposits of calcium were observed in four of the 17 cases. 
Similar deposits were seen in 10 per cent of the cases of cyanotic congenital 


heart disease without glomerular lesions and in 10 per cent of the cases of 
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acyanotic congenital heart disease. Intramural calcification was noted in 
the renal vessels of two cases. 

Neither pyelitis, pyelonephritis or arteritis were seen. Occasional hyaline 
“afferent’’ arterioles were present in three cases. Slight intimal fibrosis was 
observed in rare large arteries. Although venous thrombosis was present 
in three of the 17 cases, in two of these only a single small vein was found 
containing a partially organized fibrin thrombus after careful microscopic 
study of two sections of kidney. In the other case several such veins were 
found. Arterial thrombi were seen in two of the 17 cases, in approximately 
3 per cent of cyanotic patients without glomerular lesions and in | per cent 
of the acyanotic group. Infarcts were found in four of the 17 positive cases, 
in approximately 7 per cent of cyanotic patients without glomerular lesions 
and in approximately 2 per cent of the acyanotic group. 

Other Autopsy Findings. General autopsy findings are summarized in Table 
V. Pulmonary vascular changes consisting of arteriosclerosis, thrombosis or 
‘“‘angiomatous transformation”’ were present in 14 of the 17 cases. Vegeta- 
tions were found in the heart in three cases. In none had the clinical diag- 
nosis of bacterial endocarditis been made and, in the context of the re- 
mainder of the autopsy findings, there is no reason to believe that these 
vegetations were bacterial in origin. Focal encephalomalacia or fresh 
necrosis was seen in three of the 14 cases in which the brain was examined. 
Findings indicative of congestive heart failure were observed in seven cases. 
Pulmonary or tracheo-bronchial infection was present in four cases but 
usually was not severe. 

Clinical Findings. Pertinent details of history and physical examination 
and results of laboratory tests are summarized in Table III. Fourteen of 
the 17 patients had been subjected to surgery; of these, seven died either 
during surgery or within hours thereafter. Cyanosis was present in all 
cases from birth or early infancy. Clubbing of the fingers was definitely 
observed in 15 patients. A history of pharyngitis or repeated upper respira- 
tory infections was obtained in 10 patients but was rarely of apparent 
significance. On the rare occasions when cultures were obtained results 
were negative. Antistreptolysin titers and C-reactive protein determinations 
were not performed in any patient. Allergic histories of significance were 
elicited in three patients. 

The possible presence of the nephrotic syndrome was difficult to estab- 
lish in the absence of pertinent laboratory determinations and in the pres- 
ence of possible congestive heart failure. The latter, too, was difficult to 
evaluate from the records although generalized and peri-orbital edema 
were sometimes described. Mercurial diuretics were administered to two 
patients. 

Unequivocal hypertension was noted in two cases. Blood levels of non- 
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protein nitrogen were determined in six cases; one was normal, borderline 
probably insignificant elevations were present in four, and only in case 12 
was there known persistent azotemia. At least one urine specimen was 
completely examined in each case during the period immediately prior to 
death. Urinary findings were not impressive judging from the records 
available—with the exceptions noted in Table III. Hematocrits and arterial 


oxygen determinations are also summarized in Table III. 


DISCUSSION 


Che most striking glomerular changes in these 17 patients are the altera- 
tions of the basement membrane and the hypercellularity and intercapil- 
lary deposition of eosinophilic material particularly in the area often desig- 
nated as the axial or central stalk of the mesangium. While similar changes 
occur individually or in combination in many diseases, the composite 
picture in the present cases appears to be distinctive. 

Of particular note is the unusual prominence of the central stalk or 
axial mesangium in all cases. The structure—indeed, the existence—of the 
intercapillary supporting tissue in the glomerulus known as the mesangium 
has long been controversial and the identity of the cells and eosinophilic 
material observed in the central stalks in these cases is speculative. The 
tendency of the changes to occur in this area of the glomerulus calls to 
mind the vulnerability of the intercapillary tissue in arteriolosclerotic 
glomerulosclerosis and in intercapillary glomerulosclerosis of Kimmelstiel 
and Wilson. However, the eosinophilic material observed in the present 
cases was usually granular or fibrillar rather than homogeneous or hyaline, 
and hyaline afferent arterioles were seen (infrequently) in only three cases. 

Examination of a large number of cases of acute, subacute and chronic 
glomerulonephritis was completely unsuccessful in revealing lesions of the 
type illustrated in Figures 3, 4, 7, 9, 11, and 12, nor were such lesions seen 
in a review of cases of nephritis associated with bacterial endocarditis. 
The closest approximation to the lesions in the present cases was found 
in the nephrotic syndrome.? Among more than 20 cases of the nephrotic 
syndrome associated with intercapillary (membranous) glomerulonephritis 
studied, in occasional glomeruli in several cases there was in the central 
stalks a hyaline deposit and nuclear plethora which simulated the granular 
or fibrillar material and hypercellularity observed in patients with cyanotic 
congenital heart disease. However, accompanying such axial change as ex- 
isted in the cases of the nephrotic syndrome was the invariable predominance 

* The difficulties in attempting to establish the presence of the nephrotic syndrome by 
reviewing the clinical records in the presence of possible congestive heart failure and in 


the absence of pertinent laboratory examinations has been previously mentioned. 
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of intercapillary change elsewhere in the glomerular tuft. Axial predominance 
rather than random distribution within the tuft was the peculiarly unique 
feature of the lesion in the present cases; indeed, the central stalk was 
sometimes the only area involved. 

Clinical evidence of renal impairment was scant and _ hypertension 
uncommon. There was no correlation between the limited number of 
non-protein nitrogen determinations and the severity of the glomerular 
lesions. 

The pathogenesis of the glomerular alterations observed in these cases is 
not known. Historical evidence of allergy, pharyngitis or other significant 
infections was rare, and mercurial diuretics were administered only to two 
patients. The striking hypoxia which exists in patients with cyanotic con- 
genital heart disease, possibly in itself directly injurious to the glomerulus, 
might indirectly contribute to the development of glomerular lesions by 
enhancing the occurrence or altering the appearance of glomerular lesions 
of diverse etiologies, but in the present cases the severity of the lesions can 
not be correlated with the degree of oxygen unsaturation. Arterial oxygen 
data in cases of transposition of the great vessels without glomerular 
lesions were very similar to those in seven cases with glomerular lesions. 
It is difficult if not impossible to study other causes of hypoxia of compar- 
able magnitude in the human, particularly in a comparable population 
with respect to age; hence, pertinent experiments have been initiated. 
However, sections of kidney from several hundred cases of chronic pul- 
monary disease or right sided heart failure were studied and lesions of 
the type reported here were not observed. Very slight changes observed 
in the area of the central stalk may have reflected the fact that this was 
a notably older population than the group with cyanotic congenital heart 
disease. Although tubules as a general rule manifest recognizable alter- 
ations in the presence of anoxia more readily than the relatively resis- 
tant glomeruli, tubular changes were not notable in the present cases. 

The degree of polycythemia can not be correlated with the intensity 
of the glomerular lesions although hematocrits in cases of transposition of 
the great vessels without glomerular lesions were clearly lower than in the 
nine cases of this malformation with glomerular lesions. Sections of kidney 
from patients with polycythemia due to causes other than cyanotic congeni- 
tal heart disease were also studied: the patients with chronic pulmonary 
disease have been discussed previously and glomerular alterations were not 
observed in nine cases of polycythemia vera. 


Significant pulmonary vascular changes, described previously, were 
present in 14 of the 17 cases, but there is no correlation between the severity 
of the glomerular alterations and the degree of pulmonary vascular change. 
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The pulmonary and cerebral thrombosis so often observed in cases of 
cyanotic congenital heart disease are sometimes attributed to the increased 
viscosity of the blood, yet as previously mentioned there is no conclusive 
evidence that the glomerular lesions bear any relation to the level of the 
hematocrit. It is extremely unlikely that venous or arterial thrombosis 
within the kidney played any role in the development of these lesions for 
these were uncommon and generally trivial findings. 

Numerous investigators have studied renal function in patients with 
cyanotic congenital heart disease and with polycythemia due to other 
causes, generally with comparable results in the two groups. Scott and 
Elliott, in a study of patients with cyanotic congenital heart disease, re- 
ported normal glomerular filtration rates and elevated filtration fractions 
and pointed out that the already high viscosity of the blood in these pa- 
tients was possibly further increased in the efferent arterioles as a result 
of glomerular filtration (4). In the present cases many glomeruli were large 
and congested, recalling the observation of Meesen and Litton that “‘glo- 
merular enlargement resulting from capillary loop ectasia is a characteris- 
tic of the morbus caeruleus kidney”’ (5). They further described ‘‘widening 
of the vasa afferentia,’”’ a feature which recalls the dilated hilar arterioles 
observed in several of the present cases. 

The remaining clinical and autopsy findings which are summarized in 
Tables III, 1V and V afford no clue concerning the pathogenesis of these 
unique glomerular alterations. Conceivably, neither hypoxia nor poly- 
cythemia is a factor in their pathogenesis, a thesis which receives consider- 
able support from the observation of identical alterations in a patient with 
primary pulmonary hypertension in the presence of a normal hematocrit 
and in the absence of cyanosis (Fig. 13). It is to be hoped that more ex- 
tensive laboratory data, meticulous histories and appropriate morphologic 
and experimental investigations will combine to illuminate the factors 
concerned in the pathogenesis of these lesions.* 

% Several months after the completion of this study and submittal and acceptance of 
the manuscript, there was called to the author’s attention a reference which had not yet 
appeared in the Current List of Medical Literature at the time when the literature was surveyed 
and the manuscript initiated: a report by Marinozzi of 32 cases of cyanotic congenital heart 
disease with glomerular lesions (6). Several features of similarity and dissimilarity to the 
presently reported cases are particularly worthy of comment 

Most notable is the remarkable similarity to the present report of the word description 
“cellular and fibrillar hyperplasia’ of the mesangium used by Marinozzi and seemingly 
confirmed in several of his illustrations. Capillary ectasia and thickening and splitting of 
the basement membrane are other notably similar descriptions. However, the author finds 
it difficult to agree with several of the major conclusions of Marinozzi’s study, particularly 
the emphasis on excessive persistence of fetal type glomeruli and on increase in number of 
capillary loops in the glomeruli, neither of which were convincingly apparent in the present 
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SUMMARY 

1. Seventeen autopsy cases of cyanotic congenital heart disease and one 
autopsy case of primary pulmonary hypertension demonstrating similar 
and unusual glomerular alterations are reported. 

2. ‘The lesions consist of unusual prominence, and generally enlargement, 
of the glomeruli due to alterations of the basement membrane and hyper- 
cellularity and intercapillary deposition of a granular or fibrillar eosino- 
philic material particularly in the axial stalk of the affected tuft. Many 
glomeruli are congested and occasional hilar arterioles are dilated. 

3. ‘The composite pattern appears to be distinctive and was not observed 
in 170 cases of acyanotic congenital heart disease nor in a large number of 
control cases of glomerulonephritis, chronic lung disease, congestive heart 
failure, polycythemia vera, arteriolosclerotic glomerulosclerosis or inter- 
capillary glomerulosclerosis of Kimmelstiel and Wilson. The lesions bear a 
slight resemblance to those seen in some cases of the nephrotic syndrome, 
but what are believed to be differentiating characteristics are described. 

4. There was no correlation between the severity of the glomerular le- 
sions and either the degree of polycythemia or the extent of arterial oxygen 
unsaturation. Infrequently were clinical signs or symptons present indica- 
tive of renal impairment, yet the presence of hypertension, borderline or 
definite azotemia, albuminuria or hematuria in occasional cases suggests 
that more thorough laboratory examinations might reflect the glomerular 
alterations more consistently. 

5. There were no associated autopsy, clinical or laboratory findings help- 
ful in determining the pathogenesis of the glomerular lesions. 
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Tissue storage of cholesterol is a rare abnormality in childhood. Choles- 
terol is present in the ‘‘foam cells’? of Hand-Schuller-Christian disease 
and along with other lipids, in the xanthomatous lesions of familial hyper- 
lipemia. Small cholesterol-containing deposits may be present at an early 
age in the arteries of children with lipoid nephrosis. Finally cholesterol 
has been described in xanthomata associated with the hypercholesterol- 
emia of diabetes mellitus. 

The following case is reported as a curiosity, in that cholesterol storage, 
simulating the so-called lipidoses, occurred in a child who developed ex- 
treme hypercholesterolemia while receiving adrenal steroid hormones. 


C.B., (J.-H.H. #B 17517), a white female, was first admitted to Johns Hopkins Hospital 
in February, 1955 at 5 years, 10 months of age. The family, birth and early histories were 
negative. The present illness began one year before (February, 1954) when she had “pneu- 
monitis’, treated with penicillin with prompt recovery. Three months later, in May, 1954, 
she developed high fever and a morbilliform rash, which was diagnosed as measles and she 
was treated with sulfonamides. The rash cleared after ten days, but the patient never seemed 
completely well. Four weeks later, (June, 1954) the eruption recurred on the face, neck, 
trunk, and extremities. There was intermittent fever as high as 105 degrees and there was 
occasional aching of the large joints, without redness, heat, or swelling. Because anti- 
histamines and salicylates failed to modify the rash or fever she was admitted to another 
hospital in September, 1954. The erythrocyte sedimentation rate was 34 mm. in one hour; 
there were four million erythrocytes per cu. mm. and the peripheral leucocyte count was 
20,400 per cu. mm. Urine, stool and serum electrolytes were normal; blood cultures and 
agglutinations were negative; and skin and muscle biopsies were unrevealing. Blood pres- 
sure was consistently elevated to 130/85. Treatment with cortisone, 150 mg. daily, was 
begun, with a drop in the temperature to 99 to 100 degrees, fading of the rash and general 
improvement. The cortisone was decreased to a maintenance dosage of 100 mg. daily which 
was continued until admission to the Johns Hopkins Hospital. On physical examination, 
she presented a Cushingoid appearance and a faint morbilliform rash was noted. The tem- 
perature was 100 degrees, blood pressure 130/100. There was no lymphadenopathy. The 
heart and lungs were normal. The liver was felt three finger breadths below the costal 
margin, and the tip of the spleen was palpable. There was no edema or skeletal abnormality. 
Funduscopic and neurological examinations were normal. The dosage of cortisone was 
gradually reduced and at 30 mg. a day there was reappearance of the maculo-papular 
morbilliform rash and fever to 103 degrees. Both subsided when a dosage of 100 mg. daily 
was resumed. 
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In April, in the course of a ward epidemic of fever and vomiting, there was a sudden 
recurrence of fever with severe vomiting, such that the cortisone and other oral medications 
could not be retained. In spite of intravenous fluids, intramuscular cortisone and intra- 
venous hydrocortisone (which in the preparation then available could not be given rapidly), 
the temperature continued to rise, reaching 108 degrees. The rash reappeared, and the 
child went into a state of shock with cold extremities which became pulseless and cyanotic 
and death seemed imminent. Although the child survived, gangrene of the legs and finger- 
tips was evident by the following morning. In association with this, the platelet count fell 
to 35,000 per cu. mm. and the rash became confluent and purpuric. The clotting time was 
90 to 120 minutes, the prothrombin time was increased to 58 seconds, and a small amount 
of circulating anticoagulant was demonstrated. The blood fibrinogen remained normal. 
After five days of treatment with transfusions, parenteral cortisone, and antibiotic, the 
fever subsided, the rash faded and thereafter the patient was maintained on 120 mg. corti- 
sone daily by mouth. By April 20, ten days after the episode of collapse, the platelet count 
had risen to 639,000 per cu. mm. and early in May the gangrenous legs and fingers were 
amputated without complications. 

In June, 1955, the rash and spiking temperature recurred, necessitating an increase in 
the cortisone to 200 mg. daily with later a change to meticorten 60 to 65 mg. daily, increas- 
ing to as much as 80 mg. for short periods, when indicated by reappearance of rash and 
fever. During the following nine months, as this regimen was continued, the child became 
increasingly Cushingoid and osteoporosis of the hips was evident by X-ray. Necrotic areas 
developed at injection sites and at times cultures of these yielded hemolytic staphylococci. 
Multiple antibiotics were included in maintenance therapy. The serum gamma globulin 
remained normal throughout this time. 

In March, 1956, in association with fever, abdominal pain and an increase in the size 
of the liver, the patient became icteric (Chart I). ‘The serum bilirubin was 12 mg. per cent 
of which 7.2 mg. per cent was direct, and the cholesterol rose to 1270 mg. per cent. For at 
least a month the cephalin flocculation remained elevated. This illness, which was thought 
to represent a serum hepatitis, cleared gradually over a period of 3 months, with a return 
of the bilirubin to normal, a drop in the cholesterol to less than 400 mg. per cent and a 
decrease in the size of the liver. During this episode, a thigh abscess developed, was drained 
surgically and a biopsy was made. 

During the summer and early fall of 1956, the patient was better than she had ever 
been. She was relatively afebrile, had no skin lesions, and was learning to walk with arti- 
ficial legs. It was possible to reduce the meticorten gradually, from 80 mg. to 55 mg. daily. 
However, in late November, 1956, following an upper respiratory infection, symptoms 
recurred and an increase in steroid dosage again became necessary. 

In January, 1957, glycosuria and hyperglycemia (Chart II) were noted for the first 
time. These were followed in February by persistent jaundice. The liver and spleen in- 
creased in size, the cholesterol rose to 1400 mg. per cent and she complained intermittently 
of abdominal pain. Tablets were often excreted undissolved in the stool, and at times there 
were streaks and clots of blood. By March, 1957, the cholesterol had reached levels of 2600 
mg. per cent, abdominal pain became more frequent, and the stools were often large and 
frothy. In spite of a bilirubin of 6.2 mg. per cent (direct 4.4) and a phosphatase of 45 B.U., 
the cephalin flocculation remained normal. Accurate thymol turbidity readings could not 
be obtained. The child meanwhile became extremely Cushingoid (Fig. |) with large striae, 
some of which broke down, and an abscess developed in the buttocks. In May there was 
an episode of melena necessitating transfusion, and two weeks later she developed profuse 
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epistaxis, accompanied by a rise in temperature to 104 degrees. Fever subsided within 24 
hours but marked abdominal distention without tenderness appeared, the child became 


extremely dyspneic and complained of pain in the left chest and died. 


Clinical impression: The initial illness, characterized by intermittent spik- 


ing temperature, morbilliform rashes that came and went, vague joint 





Fic. 1. Photograph of patient two months before death to show Cushingoid appearance. 


pains and marked leucocytosis without demonstrable infection, seemed 
definitely to belong in the “‘collagen-vascular”’ group of diseases. The re- 
sponse to steroids was also in keeping with this diagnosis. ‘The peripheral 
gangrene in April, 1955, was clearly a result of circulatory collapse, pre- 
cipitated by intercurrent infection and vomiting. An acute exacerbation 
of the original disorder followed this infection, perhaps because inability 
to retain orally administered cortisone left the adrenals unable to respond 
to the stress of infection and the exacerbation. The temporary thrombo- 
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cytopenia was thought to be due to sequestration of platelets in the gan- 
grenous extremities. 

Many of the later developments were complications of therapy. Pro- 
longed administration of adrenal steroids in increasing dosage necessary 
to keep the basic illness under control, was responsible for the Cushing 
syndrome, with breaks in the skin leading to infection and fragility of 
capillary walls leading to hemorrhage. The first episode of jaundice 
cleared completely within a few weeks and seemed reasonably attributable 
to intercurrent viral hepatitis. For the second episode of jaundice, there 
was no satisfactory clinical explanation. The glycosuria and the fatty stools 
suggested an inflammatory process involving both pancreas and liver, 
perhaps spreading from an ulcer in the upper gastrointestinal tract, al- 
though there were no consistent localizing signs to establish this. The blood 
in the stools, always appeared to come from the lower tract, and there 
was never any hematemesis. Perforation of a viscus, as the terminal event, 
offered the best explanation for the sudden distention and respiratory 
distress just prior to death. 

Autopsy (J.H.H. #27328) was performed 10 hours after death by Dr. 
Page Hudson. Only the pertinent findings are described in this report. The 
body was that of an exceedingly obese white female child (weight was 42 
kilograms) with a classical ‘‘Cushingoid’’ appearance. There was scleral 
jaundice, the abdomen was protuberent and tense, and wide purple striae 
were present laterally from axillae to thighs. The legs had been amputated 
at midcalf and the distal digits of all fingers had been removed surgically. 
Subcutaneous fat averaged 2 cm. in thickness. The abdominal cavity was 
opened with a hiss of escaping gas. About 200 cc. of yellow foul-smelling 
pus was present in pockets in the cavity; E. coli and A. aerogenes (Kleb- 
siella) were cultured from this material. All peritoneal surfaces were dull 
and hyperemic and the omentum was rolled and adherent to the stomach. 
The stomach was thin-walled, with atrophic mucosa and absent rugae, 
and contained a sharply punched out, perforated ulcer half-way between 
the cardia and pylorus along the greater curvature. The remainder of the 
G.I1. tract was normal. The liver weighed 2200 gms. (2'5 times normal) 
and seemed soft and fatty. The spleen weighed 280 gms. (314 times normal) 
and showed several subcapsular irregular circumscribed areas of pallor, 
suggesting infarcts (Fig. 2). There was a 2 cm. accessory spleen attached 
to the splenic hilum. The adrenals weighed 3.3 gms. each, the cortices 
being no more than a fine yellow | mm. line. The heart was entirely nor- 
mal; no atheromata were seen in any arteries; and no other gross abnormali- 
ties were present in the thoracic and abdominal viscera or brain. 


Microscopic findings: The biopsies of the skin and amputations made 2 
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years before death and of the muscle abscess from one year before death 
were available for microscopic review. The earliest skin biopsies showed 
only non-specific chronic inflammation in the corium. No lesions suggesting 
hypersensitivity were seen. The tissue from the legs and fingers showed 
organizing thrombi in arteries and veins without alteration of the vessel 
walls; and typical dry gangrene with necrosis of the muscle, skin and sub- 


cutaneous tissue. There was early organization at the margins of necrotic 
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Fic. 2. (a) Photograph of spleen, cut surface, showing bulging pale parenchyma with 


irregular pale and hemorrhagic areas of necrosis. (b) Photograph of normal spleen from an 


eight year old child for comparison. 


muscle. The biopsy of the thigh showed a purulent abscess in the depth of 
muscle and nests of foam cells in the normal corium (Fig. 3). 

The autopsy sections showed the widespread effects of prolonged therapy 
with adrenal steroids. There was extreme atrophy of all layers of the adrenal 
cortex (Fig. 4). Crooke’s change was present in basophiles of the anterior 
lobe of the hypophysis; there was marked follicular atrophy in the thyroid; 
all lymph nodes showed extreme atrophy and there was a paucity of lym- 
phoid tissue in the intestines and spleen. Bony lamellae of the ribs and vertebra 
showed marked atrophy. The islets of the pancreas seemed more numerous 
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Fic. 3. Thigh, edge of corium showing nest of foam cells. « 360. 





Fic. 4. Adrenal, showing extreme atrophy of all layers of cortex. x25. 


Fic. 5. Pancreas, head, showing abnormal numbers of large islets of Langerhans. x 45. 
g 
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and larger than normal (Fig. 5). There was glycogen in the epithelium of 
the distal renal tubules but no other lesions were seen in the kidneys. A 
section of the gastric ulcer showed fresh necrosis of all coats of the stomach 
wall. ‘The peritoneal surfaces in all sections showed purulent exudate as 
well as older foci of organization containing foamy macrophages and foreign 
body giant cells. Sections of the spleen and the accessory spleen were most 
interesting (Figs. 7 & 8). Virtually no lymphoid tissue remained, and the 
red pulp was replaced by confluent masses of large ‘‘foam”’ cells with 
delicately vesiculated cytoplasm. The sinusoids were compressed and 





Fic. 6. Lung, a large group of alveoli are filled with cholesterol-filled cells. 115. 


typical anemic infarction was present in the foci noted grossly. ‘The mate- 
rial in the foam cells stained only faintly with Sudan III in frozen sections. 
It was PAS negative and PTAH negative but stained green-blue with the 
Schultz method. Under the polarizing microscope, it showed double re- 
fraction. It was therefore identified as cholesterol. In the /iver (Figs. 9 & 
10), small globules of neutral fat were seen in some parenchymal cells, 
but more conspicuous were nests of foam cells, similar to those in the 
spleen. Here they were distributed focally, replacing liver parenchyma 
and causing dilation of adjacent sinusoids. ‘There was slight scarring in 
periportal areas with proliferation of bile ducts and here too, there were 
small nests of foam cells containing cholesterol. An occasional small focus 
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Fic. 7. Spleen, showing overall loss of architecture. No Malpighian tissue is visible and 
the pulp is replaced by large foam cells. Sinusoids are inconspicuous because of compression 
by these cells. «115. 





Fic. 8. Higher magnification showing the morphology of a large group of cholesterol- 
filled foam cells. x 360. 
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Fic. 9. Liver, general architecture showing nests of foam cells, small intracellular 


globules of fat, dilated sinusoids, and periportal area with scarring, proliferating bile ducts 


and foam cells. «45. 


Fic. 10. Liver, higher magnification of a nest of foam cells. x 360. 
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of extramedullary hematopoiesis was present in sinusoids. ‘The /ungs (Fig. 6) 
showed groups of alveoli containing masses of cholesterol-filled cells, 
exactly like those described in the spleen, accessory spleen and _ liver. 
Similar groups of these cells were present in the bone marrow, lymph nodes, 
omentum, mesentery, and mediastinal fat depots. The other tissues showed no 
pertinent abnormalities. 

Anatomical diagnosis: History of recurrent rashes and fever, with prolonged 
steroid therapy; amputations of legs and fingers (SP 55-2195, 3198, gan- 
grene and organizing thrombi); biopsy of skin (55-1093, chronic inflam- 
mation corium) and muscle (56-2005, abscess, thigl). Adrenal cortical 
atrophy. Cushingoid habitus; Crooke’s change, pituitary; osteoporosis; 
atrophy, thyroid and lymphoid tissue. History of hyperglycemia and ex- 
treme hypercholesterolemia. Glycogen, renal epithelium. Hyperplasia, is- 
lets of Langerhans. Cholesterol lipidosis, principally of spleen and acces- 
sory spleen; nests of foam cells in liver, lung, bone marrow and fat depots. 
Infarcts, spleen. Foci of extramedullary hematopoiesis and _ periportal 
scarring, liver. History of jaundice. Acute gastric ulcer, perforated ; fibrino- 
purulent peritonitis (E. coli; A. aerogenes (Klebsiella) ). 

DISCUSSION 

This child became exceedingly Cushingoid while on prolonged cortisone 
therapy administered for persistently recurring fever and rashes. It is 
unfortunate that the pathogenesis of these symptoms was never discovered. 
The biopsies failed to demonstrate any lesion suggesting collagen vascular 
injury. Nevertheless, this was not thought to exclude such a diagnosis 
clinically, as the tissues were examined at times when the disease was under 
control and when lesions would have been suppressed by the cortisone ther- 


apy. However, the autopsy sections also failed to establish a diagnosis of 


the underlying illness. No changes compatible with a current or remote 
healed collagen vascular illness could be found in any of the tissues. 
Almost every possible complication of adrenal steroid therapy developed 
in this child with the exception of a psychosis. Especially noteworthy was 
development of hyperglycemia and extreme hypercholesterolemia. It has 
been noted by Richeta/.( 1) that when rabbits are given cortisone they develop 
a milky serum. Further studies by Rich and his co-workers (2) showed that 
the hyperlipemia produced by cortisone consists of increase in fatty acids 
and cholesterol; in addition, many of the rabbits show fat droplets and 
massive amounts of glycogen in liver cells. The mechanism of the hyper- 
lipemia in cortisone-treated rabbits is not clear. According to Rich it 
could have resulted from |) increased intestinal absorption of fat, 2) a dis- 
order similar to that in lipoid nephrosis, or 3) increased mobilization from 
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fat depots in response to defective utilization of carbohydrate, as in dia- 
betes mellitus. There is no parallelism, however, between the degrees of 
lipemia and glycemia in cortisone-treated rabbits and this has also been 
noted in spontaneous human diabetes mellitus. Although hyperlipemia 
has been reported in association with cortisone therapy in man (3, 4 & 5), 
there is no record of unusual storage of this lipoid in the tissues of these 
individuals. However, Williams and Dresback (6) in 1917 noted spleno- 
megaly with foam cells at autopsy in a 21] year old diabetic male who had 
been fed a high fat diet in the erroneous belief that it would improve his 
weight. He developed a blood cholesterol of 833 mg. per cent. The mesen- 
teric lymph nodes also contained foam cells, and a few foam cells were 
present in liver sinusoids. These authors noted 3 previous similar cases of 
splenomegaly with foam cells in diabetes (7, 8). Another such case was 
reported from this institution by Smith (9). A 22 year old male who died 
in diabetic acidosis showed lipemia (milky serum) at autopsy (there were 
no clinical determinations) and his splenic pulp was replaced by large foam 
cells. These cells stained poorly with Sudan III and well with Nile blue 
sulphate and osmic acid, indicating the presence of unsaturated fatty acid. 
No anisotrophic fats were seen with the polarizing microscope and the 
lipid was not further identified. 

In the present case diabetes was associated with cortisone therapy. Serum 
cholesterol rose to the unprecedented (lipoid nephrosis excluded) level of 
2650 mg. per cent. The spleen was palpable on admission and at autopsy 
weighed 3! times the normal for a child of this age. ‘The splenic pulp 
(and this was also true in an accessory spleen) was replaced by large foam 
cells containing material identified as cholesterol by its double refraction 
under the polarizing microscope, equivocal staining by Sudan III, and 
positive green-blue reaction by the Schultz method. Cholesterol was also 
stored focally in large phagocytic cells in the liver, lungs, bone marrow, 
abdominal and thoracic lymph nodes, omentum and other fat depots. 
This pattern of deposition simulates the storage of lipids in the so-called 
lipidoses without hyperlipemia, such as Gaucher’s disease. No foam cells 
were seen in the biopsy of skin taken two years before death when blood 
cholesterol was normal; their presence in the biopsy one year before death 
possibly indicates that abnormal storage of cholesterol was then present, 
although at that time these cells were interpreted as secondary to local 
infection, a possibility which cannot be excluded completely. However, 
just prior to this biopsy, the blood cholesterol was 1300 mg per cent. It 
seems reasonable to conclude that the cholesterol storage seen at autopsy 
is related in some way to the extreme hypercholesterolemia. Because of 
previous reports of unusual lipid storage in association with spontaneous 
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diabetes mellitus, the presence of steroid-induced diabetes in this case 
cannot be excluded as also having played a role in the deposition of choles- 
terol. 


SUMMARY 

Cholesterol storage in foam cells, occurring in the spleen, liver, lungs, 
bone marrow and lymph nodes is described in an 8 year old white girl 
associated with extreme hypercholesterolemia and iatrogenic diabetes mel- 
litus following prolonged steroid therapy. 
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“It is much disputed whether the connective-tissue fibrils arise within cells or from a 
substance between them. It matters little which view is entertained, the evidence in either 
case is unsatisfactory.” 


Despite great advances in the study of collagen, the controversy over its 
site of origin, described in this statement by Mall (1) in 1901, continues 
to the present. 

From the microscopic study of tissue cultures, Lewis (2) concluded in 
1917 that collagen fibers first appear within the exoplasm of the fibro- 
blast. She did not go so far as had Mall who suggested from observations 
on embryos that the exoplasm unites into an intercellular syncytium that 
is transformed into collagen fibers. In ensuing years, however, the view 
that collagen fibers arise only outside the cell has gained favor with many 
leading histologists (3, 4, 5, 6). 

That the formation of collagen fibers entirely outside the cell is possible 
on physicochemical grounds has been shown by Nageotte (7) and more 
recently Gross and his associates (8) using techniques of chemical extrac- 
tion followed by in vitro fibril formation. These investigations suggest that 
the cells need only supply the monomeric “‘building blocks” of collagen, 
sometimes termed “tropocollagen’”’ (8), which are then polymerized into 
fibrils extracellularly. Electron microscopy has been extensively used in 
this type of investigation. 

Electron microscopy has also been utilized to study collagen formation 
by fibroblasts in tissue culture (9-12). Much of this work has been with 
fixed and dried preparations from whole mounted tissue cultures. However, 
the study of relationships between collagen fibrils and fibroblasts has 
not had the advantage of the greater information that usually comes with 
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EXPLANATION OF FIGURES 


Abbreviations Used: 


Col—collagen 
EC—endoplasmic condensation 
E.R—endoplasmic reticulum 
MC—marginal condensation 
MI—marginal! filaments 
Mito—mitochondria 
Nucl—nucleus 


Fic. 1. The fibroblasts in this area of the tissue culture for the most part have a definit 
outer cell membrane. Marginal condensation sites and marginal filaments are visible in 
the lower right hand corner. Uranyl acetate and phosphotungstic acid stains. Magnifica- 
tion 8,200 x. 

Fic. 2. These cells show many more sites of marginal condensation and marginal fila- 
ments than those in Figure |. Notice the contrast between the portion of cell border that 
has a definite outer membrane (arrows) and the marginal condensations seen elsewhere 
Despite the marginal condensations and marginal filaments present, no collagen was found 
in this area at higher magnification. Phosphotungstic acid stain. Magnification 3,200 x. 

Fic. 3. No collagen fibrils are present in association with this cell. It shows the more 
fibrillar character of the marginal condensation that may be seen. The endoplasmic con- 
densation is also very apparent. Phosphotungstic acid stain. Magnification 12,000 x. 

Fic. 4. At this magnification the delicate, thread-like appearance of the endoplasmic 
condensation is demonstrated. It lies very close to the nucleus (compare Figure 3 in this 
regard). The endoplasmic reticulum clearly differs from the endoplasmic condensation. 
Uranyl acetate and phosphotungstic acid stains. Magnification 42,000 x. 

Fic. 5. Multiple beaded collagen fibrils are found in close relationship to marginal 
filaments and marginal condensations in this picture. There is a definite pattern of align- 
ment of collagen fibrils that matches the distribution pattern of marginal filaments. The 
occurrence of collagen fibrils at the sites of frayed-looking marginal condensations contrasts 
strikingly with their absence where marginal condensation is missing (arrows). Phospho- 
tungstic acid stain. Magnification 5,300 x. 

Fic. 6. Higher magnification of an area like that shown in Figure 5. The distinction 
between amorphous and smudgy-looking marginal filaments and the short beaded collagen 
fibrils is demonstrated. The material in the lower left hand corner is the edge of a cell that 
bears no relationship to the marginal filaments and collagen fibrils seen in this figure. 
Phosphotungstic acid stain. Magnification 26,000 x. 

Fic. 7. A fibroblast with smudgy marginal condensation but without clear-cut marginal 
filaments is closely related to a sheaf of collagen fibrils in the right upper corner. ‘The dis- 
organized array of fibrils in the right lower corner is not associated with cells at this time. 
Che outlined area is seen in Figure 8. Phosphotungstic acid stain. Magnification 4,800 x. 

Fic. 8. A much higher magnification from the outlined area in Figure 7. The marginal 
condensation here is essentially amorphous. A few lightly stained collagen fibrils are visible 
within the outer edge of the marginal condensation. The darker bands in the collagen 
fibrils in a few instances seem to resolve into two or more smaller bands. The irregular 


clouds (arrows), which resemble the marginal condensation in density, may be related to 


the marginal filaments seen in other pictures. Phosphotungstic acid stain. Magnification 
42,000 x. 
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thin section techniques. Thin sections from tissue culture material, which 
is in many ways ideally suited to observations on collagen formation, have 
heretofore been unsatisfactory because of poor preservation of detail (11). 

By utilizing a very short fixation time in osmic acid before embedding 
in methacrylate, it has been possible for us to improve the preservation 
of detail in thin sections of cultured fibroblasts. It is the purpose of this 
report to describe certain new observations that seem pertinent to the 
problem of the site of collagen formation. 


MATERIALS AND METHODS 


Tissue Cultures: The details of the tissue culture method used will be published elsewhere 
(13a). Briefly, explants of 11 day-old chick embryo heart (this tissue was selected to facilitate 
chemical determinations) were placed beneath perforated cellophane discs in unsealed 55 
mm. Petri dishes containing 2 ml. of a medium composed of 20 per cent chick embryo 
extract, 40 per cent horse serum, and 40 per cent Earle’s Balanced Salt Solution (BSS) by 
volume; and phenol red (0.005 per cent), potassium penicillin G (500 units/ml.), strepto- 
mycin sulfate (125 microgm./ml.), and Mycostatin (125 units/ml.). Fresh medium was 
added twice weekly. Chick embryo extract was prepared as a 50 per cent solution from |] 
day-old chick embryos using BSS as diluent. Cultures were grown in a humidified CO» 
incubator at 37°C., and were harvested on the third, sixth, tenth and thirteenth days 

Electron Microscopy: After the cellophane discs had been lifted away and excess medium 
poured off, all subsequent handling for electron microscopy was done in the Petri dishes 
without disturbing the cultures by using the method recommended by Howatson and 
\lmeida (14). This method proved superior to others that were tried. The cultures were 
rinsed once in 0.85 per cent saline and then fixed in 2 ml. of isotonic, veronal buffered 
(pH 7.4) | per cent osmic acid solution at 4°C. for three to ten minutes. Longer fixation 
gave unsatisfactory results. The advantage of brief osmic acid fixation in preserving cellular 
detail has been noted previously for blood cells (15) and for tissue cultures of tumor cells 
(16). Dehydration was performed in graded ethanol solutions at 15 minute intervals be- 
ginning with a 30 per cent solution. Pure butyl methacrylate or a mixture of 20 per cent 
methyl and 80 per cent butyl methacrylate, and 0.2 per cent benzoyl peroxide as catalyst, 
was used for replacement with monomer and embedding. The choice of methacrylates did 
not influence results. Small gelatin capsule halves filled with viscous, partially polymerized 
methacrylate were inverted in an upright position over selected areas of the flat tissue 
culture outgrowths that were adherent to the bottom of the Petri dish. Polymerization was 
completed in the oven at 70°C. after approximately 48 hours. Capsules were fractured from 
the Petri dishes after rapid chilling over dry ice for two minutes and immediately placed 
in a desiccator. Blocks were trimmed to truncated pyramids and sectioned with a Porter- 
Blum microtome using a glass or diamond knife. Ultrathin sections cut in this way were 
found to yield ideal orientation of fibroblasts because the cells could be sectioned in their 
plane of growth over the glass surface of the Petri dish. ‘Tissues were stained in one or more 
of the following ways: with 1.0 per cent phosphotungstic acid in the 70 per cent dehydrat- 
ing alcohol, with 10 per cent phosphotungstic acid by the method of Watson (17), or with 
uranyl acetate (17). Grids were examined in an RCA EMU-2A electron microscope pro- 
vided with externally centerable objective and condenser apertures, an electrostatic com- 
pensator, and an intermediate lens 


Control Study: The absence of formed collagen fibrils in the tissue culture medium was 
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established as follows. Complete medium of the type described above was incubated without 
any heart explant for three days. The medium was then centrifuged for thirty minutes at 
35,000 R.P.M. in a Spinco Model L ultracentrifuge. The small sedimented button was 
fixed in osmic acid for 30 minutes and prepared for sectioning in the usual way. No fibrils 
were seen on multiple electron microscopic examinations of sections made from the sedi- 
ment. 


RESULTS 

The cells that grew out from the small explants of heart were generally 
elongated or stellate by light microscopy and were found to be producing 
collagen both visually and when tested chemically.‘ Hence the cells of the 
outgrowth will be termed fibroblasts. The outgrowths contained no recog- 
nizable muscle cells. Furthermore, gelatin capsules for embedding were 
always placed so as to exclude the original explant from our sections. 

The observations to be described below, unless otherwise specified, 
were made with six-day cultures since it was at this age that the most inter- 
pretable and varied picture of collagen-fibroblast relationship was seen. 
Three-day cultures shcwed only slight outgrowth of fibroblasts, little evi- 
dence of collagen formation, and few of the changes to be described in 
fibroblasts from the six-day cultures. Collagen formation was evident in 
the ten and thirteen day cultures, but large amounts of cellular debris 
and many masses of collagen fibrils bearing no relationship to intact cells 
were also present. 

Marginal and Endoplasmic Condensations: Many cells from six-day cultures 
show in electron micrographs a more dense zone at one or more sites along 
their periphery. At low magnifications, such a zone, the marginal condensa- 
lion, is seen as a smudging of the outer rim of the cell (Figs. | and 2). The 
marginal condensation does not have a sharply outlined inner or outer 
border, and it can completely encircle a cell. Particularly if seen in an area 
where there are no nearby fibrils of collagen, the marginal condensation 
may be finely fibrillar in appearance, as can be noted in Figures | and 2 
and seen more distinctly in Figure 3. When related collagen fibrils are 
present in any number, the marginal condensation is often less distinctly 
fibrillar in appearance, and, indeed, may be quite amorphous, although 
at higher powers the subtle impression of a ray-like arrangement persists. 

The marginal condensation seen in Figure 3 also reveals a less dense, 
fibrillar component that extends into (or out of) the endoplasm. This 
endoplasmic condensation is seen in relation to areas of condensation at the 
cell margin. The endoplasmic condensation and details of its linear struc- 
ture can be more easily perceived in the electron micrographs. A delicate, 


* Hydroxyproline determinations on pooled duplicate cultures indicated no increase in 
collagen at three days but increasing total amounts of collagen thereafter (13b). 
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more or less parallel arrangement of thread-like material composing the 
endoplasmic condensation is evident in Figure 4; it clearly differs from a 
nearby example of endoplasmic reticulum. The individual filaments mak- 
ing up the endoplasmic condensation have not thus far shown evidence of 
striation so that at present there is no basis for postulating a relationship 
to formed collagen fibrils. 

The marginal condensation certainly seems to involve the “exoplasm”’ 
or outermost subdivision of the fibroblast, for the inner border of the 
marginal condensation clearly merges with cytoplasmic and even endo- 
plasmic components. The outer limit of the exoplasm of a cell is ordinarily 
determined in electron micrographs by a definite cell membrane. Yet, in 
our experience up to now, wherever the marginal condensation is seen, 
a clear definition of the cell boundary has been lost. This loss of a definite 
outer cell membrane appears to be a major characteristic of the marginal condensa- 
tion. The contrast between the clearly defined cell membrane in the upper 
part of Figure 2 and the smudging at sites of marginal condensation below 
is readily apparent. This loss of a sharply demarcated cell border is also 
evident at higher magnifications (Figs. 3 and 8) 

Marginal Filaments: As will be described below, collagen that seems to 
be newly forming is intimately associated with areas of marginal condensa- 
tion and with long filaments that extend outward from the marginal con- 
densation. These marginal filaments are a part of the marginal condensation 
and are not collagen fibrils. They are apparent at lower magnifications 
(Figs. 1, 2 and 5), but can be distinguished with certainty from any asso- 
ciated collagen fibrils only at higher magnification (Fig. 6). The marginal 
filaments are often amorphous with very indistinct borders and frequently 
are seen as little more than elongated grey smudges, blending impercepti- 
bly with the marginal condensation. 

Collagen Fibrils: The most suggestive evidence of early collagen forma- 
tion has been found in association with the marginal condensations and 
marginal filaments. Short fibrils of collagen, usually only a few bands in 
length, can be found beside and apparently within marginal filaments and 
the outer portion of the marginal condensations (Figs. 5 and 6). Even when 
these short collagen fibrils seem separate from the marginal filaments they 
show a striking tendency to lie parallel to the marginal filaments through- 
out a section. 

These short collagen fibrils look ‘‘beaded’’, with the darker ‘“‘beads’”’ 
occurring at intervals averaging 595 A. to 640 A. Interperiod banding in 
these short collagen fibrils has not been seen during the present experi- 
ments. The width of these collagen fibrils is 100 A. to 150 A. 

Figures 7 and 8 demonstrate a somewhat more “‘mature”’ variety of 
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collagen in close relationship to a fibroblast. There is an array of collagen 
that is now disorganized in the lower right corner of Figure 7, but near the 
middle on the left there is a paramecium-like cell (the marginal condensa- 
tion adds to this illusion) that lies along the same curve as a sheaf of col- 
lagen fibrils. When the right hand tip of the same cell is seen at higher 
magnification in Figure 8, the collagen fibrils are found not to look as 
beaded, and there is suggestive interperiod banding. Some of the fibrils 
of collagen here blend imperceptibly into the amorphous marginal con- 
densation where they show less staining by the phgsphotungstic acid. No 
definite marginal filaments are seen in this picture, unless they are repre- 
sented by foci of very slightly increased density scattered between the 
collagen fibrils (Fig. 8) 


DISCUSSION 


These studies are still incomplete but already seem to point up several 
features of collagen production by fibroblasts in tissue cultures. Foremost 
is that collagen formation may be related to certain characteristic mor- 
phologic features of a nearby associated cell. We have not seen a cell that 
could be adjudged to be ‘‘producing” collagen that does not show a 
marginal condensation or marginal filament at a point close to the collagen 
fibrils. However, there are many cells with marginal condensation and 
marginal filaments without any particular relationship to collagen fibrils. 
Endoplasmic condensations and marginal filaments are not observed with all 
cells in a culture, but when present, they are invariably closely allied to 
a focus of marginal condensation. The marginal filaments, which extend 
out beyond the cell, are of great interest in that they are often associated 
with the smallest fibrils possessing periodicity found thus far. 

Many questions are raised by these findings. Are the marginal condensa- 
tion and marginal filaments part of the exoplasm of the cell or are they 
merely secretory products of the cell? At present one could hypothecate 
that the marginal condensation is a morphologic alteration in the exoplasm 
associated with an amorphous secretion that is most vividly seen as marginal 
filaments. However, it could be argued that even the marginal filaments 
are truly cytoplasmic and an alternative hypothesis constructed; namely, 


that the entire phenomenon of marginal condensation and formation of 
marginal filaments is an apocrine type of secretion in which a portion of 


the cell is relinquished in order to release and to produce one or more 
substances—perhaps formed and forming collagen fibrils, possibly ‘‘tropo- 
collagen” (8) or even constituents of the ground substance.® 


regard to the latter, acid mucopolysaccharide estimations on pooled medium from 
°In d to the latter id ly harid t t led li f 


ten to thirteen day tissue cultures showed an increase over the amount present in control 
medium (13a) 
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It seems likely that the marginal filaments correspond to the “*. . . strands 
of mucinous material (that) frequently appear to be pulled off the surface” 
described by Porter and Pappas (11). ‘They believed that the “‘mucinous 
material’? might be related to collagen formation, though it seemed an 
uncommon finding in their electron micrographs. They also stated how- 
ever, that “it demonstrates better than any other observation, that there 
exists an amorphous material at the cell surface’. In the light of our present 
knowledge of connective tissue, it is not unreasonable to postulate that the 
amorphous constituent of the marginal condensation and marginal fila- 
ments contains monomeric or other precursors of collagen, or one or more 
components of the ground substance, or perhaps both. 

Another reasonable line of speculation would be to consider the amor- 
phous substance (or even the marginal filaments themselves) as having 
some relationship to the argyrophilia of “‘young”’ or “‘immature”’ collagen, 
so-called reticulin. A number of observers, including Maximow (4) and 
Wolbach (5), have noted that many argyrophilic fibers appear first near 
a fibroblast. 

Filaments or processes have often been described by those who have 
studied living and fixed fibroblasts in the light microscope. These processes 
have been given such names as stress fibers, fibroglia, and tonofibrils, and 
have been seen to form like streamers behind motile cells as they move 
along. We have referred to processes seen in our electron micrographs as 
marginal filaments because it is uncertain which of the older terms, if 
any, would best apply and also to emphasize the relationship of these fila- 
ments to the marginal condensation. They indeed could be formed by cell 
motion. 

Electron microscopic observations using thin sectioning may help settle 
the classical question of whether collagen formation occurs inside or out- 
side the cell not by answering it, but simply by rendering it meaningless. 
Collagen fibrils can be seen to protrude from the edge of the marginal con- 
densation (Fig. 8), but we do not know whether this marginal condensation 
is cytoplasmic or secretional. Without a distinct membrane to mark the cell 
boundary, how is one to say with assurance what is inside and what is 
outside? 

When observations are limited to fixed material, the dynamics of col- 
lagen production must of course remain speculative. Thus far, however, it 
appears that at least a portion of the collagen fibrils in the early stages of 
formation are closely related to the cell. Conceivably, all collagen forma- 
tion begins this way, allowing the cell to give form and organization to 
connective tissue. This would not exclude the possibility, as Porter has 


> 


suggested (10), that later collagen production and ‘“‘maturing’’ comes 
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about by revision and accumulation of additional fibrils along patterns 
of deposit initially determined by the cell. 


SUMMARY 

Thin sections of collagen producing tissue cultures, utilizing short fixa- 
tion times in osmic acid, have been studied with the electron microscope 
It is concluded that collagen production is related to a ‘‘condensation’”’ (a 
descriptive term) that occurs at the margin of the cell. This marginal 
condensation is associated with loss of the usual distinct outer cell mem- 
brane. A similar condensation is sometimes found within the endoplasm of 
the cell as part of the marginal condensation. Amorphous-looking filaments 
may also project into the extracellular space from the condensation at 
the cell margin. Collagen fibrils seem to appear adjacent to and within 
the outer limits of the condensation at the cell margin, and also both in 
and around the filaments that extend into the extracellular space. Details 
of the findings are described and their implications discussed. 
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THE CLINICAL APPLICATION OF BLOOD VOLUME STUDIES 


DonaLp W. BENSON 


Che volume of circulating blood is of great help in cate of the surgical patient. Hereto- 
for, techniques for determining blood volume have been laborious and dependent on 
technical skill. By using Chromium 5] tagged red cells in a constant volume coil in a scintil- 
lating well counter, these objections have been overcome. Tagged O negative donor cells 
have further simplified the process. Ten cc. of the tagged cells in a suspension of normal 
saline are injected and ten minutes later the activity of the patient’s blood is measured. The 
radioactivity of the injected volume compared to that of the ten minute sample is a dilution 
factor for the ten cc., which, when multiplied, give the blood volumes. Plasma volume and 
blood cell volume can be determined by the proper use of the hematocrit. 

While recognizing that there are some inherent errors in this method, extensive clinical 
use has been made of this technique because of its simplicity and speed. It has demonstrated 
in several instances unsuspected internal hemorrhage. Further, in those patients with 
chronic debilitating disease, there is frequently an unsuspected hypovolemia which, under 
surgical and anesthetic stress, results in early shock. Preoperative blood volume measure- 
ment has precluded this difficulty in several instances. It has proved helpful in the adminis- 
tration of fluids, blood and plasma in severe burns and in water and electrolyte imbalance 
in bowel obstruction. 

Lastly, in cardiopulmonary by-pass, where large volumes of blood are used, it is most 
difficult to be certain of either over or under transfusion. Pre- and postoperative blood 


volume measurements have made it possible to transfuse in a precise and intelligent fashion 
THE ENZYMATIC NATURE OF SWELLING AND CONTRACTION OF MITOCHODRIA 


ALBERT L. LEHNINGER 


Recent work on isolated liver and kidney mitochondria has revealed that they undergo 
swelling and contraction with gain or loss of water and solutes as the result of enzymatically 
controlled processes occurring in the membranes. Although isolated mitochondria can 
behave like osmometers, the swelling and contraction cycle is brought about by specific 
enzymatic changes in permeability and configuration of the membrane. Such specific 
mitochondrial swelling is caused by (1) inorganic phosphate, (2) calcium ions, (3) reduced 
glutathione, (4) thyroxine and its analogs, (5) **U factor’, an uncoupling factor enzymati- 
cally formed in mitochondria. Swelling produced by these agents is prevented by addition 
of adenosine triphosphate, 2,4-dinitrophenol, and also by interrupting electron transport 
by means of inhibitors such as cyanide, antimycin A, or sodium amytal, indicating that 
the swelling is controlled by the action of the respiratory chain and the energy coupling 
enzymes, which are in turn located in the mitochondrial membrane and make up a large 
part of its substance. 

During swelling the mitochondria lose diphosphopyridine nucleotide and lose depend- 
ence of respiration on adenosine diphosphate, but are still capable of oxidative phosphoryla- 
tion. Permeability of the inner compartment is increased to such test substances as sucrose 
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Contraction of mitochondria may be brought about by addition of adenosine triphos- 
phate; no other nucleoside 5’-di- or triphosphate will replace it. Such contraction does not 
require the occurrence of respiration and it can proceed in the presence of 2 ,4-dinitrophenol. 
On the other hand such inhibitors of oxidative phosphorylation as sucrose and other polyols, 
as well as azide, completely prevent the contraction. The molecular basis of the swelling 
and contraction changes in the membrane are postulated to be occasioned by the existence 
of one of the intermediate enzymes of oxidative phosphorylation in two different shapes, 
configurations, or charge states, depending on their state of phosphorylation. ‘These en- 
zymes may be designated *“‘mechanoenzymes’’, similar to the actomyosin of muscle. 

Che swelling and contraction cycle is believed to have physiological significance in that 
it may be involved in the active transport of water, as in renal tubule cells, as well as in 
motility of the mitochondria in the cell. Such physical changes in mitochondrial configura- 
tion and permeability also cause changes in the integration of metabolic and enzymatic 


events carried out by mitochondria. 
EXPERIMENTAL STUDIES OF PATHOGENESIS OF TUMOR METASTASIS 


SuMNER Woop 


This paper is to be published in its entirety 
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Emotional Forces in the Family. Edited by SamueL LieBMan. 157 pp., $5.00. The J. B. 
Lippincott Co., Philadelphia, Pa., 1959. 

This small 157 page volume is the fifth in a series of compiled lectures which were 
originally given at the North Shore Hospital in Winnetka, Illinois. There are nine es 
says—it would be incorrect to describe them as scientific papers in the usual sense—au- 
thored by Meerloo, Jessner, Ness, Berman, Ackerman, McKerracher, Marmor, Schafiner 
and Kubie, all respected names in the psychiatric profession. These essays, each bearing 
on some aspect of the psychologic forces inherent in family life, consider in turn the role 
of parents, children, in-laws, employer etc., the influence of technologic changes and 
aging. All of the contributors are physicians writing from the vantage point of the psy- 
chiatrist and are, for the most part, apparently indebted to psychoanalytic orthodoxy for 
the points of view they express. 

Although the well-informed reader will encounter little in this volume that is new, 
there is much that makes interesting and stimulating reading. As such, these lectures 
are good representatives of the provocative (and sometimes useful) insights which the 
psychiatrist is able to contribute to our knowledge of society and the culture in which 
we live. 

For those readers, however, who may be seeking an objective account derived from 
clearly conceived and well executed studies there will be disappointment. This book is, 
rather, an interesting example of the current preoccupation of mental health workers 
with the problems of our crumbling civilization. In this reviewer's opinion, however, 
much of the labelling and namecalling employed by some of the contributors reflects 
nothing more than the personal prejudices of the individual author. The assumption by 
mental health workers that their calling gives them a unique competence in prescribing 
for social ills is perhaps too infrequently challenged. Whether the reader finds it com 
forting or alarming that such workers appear to assume so much responsibility for what 
they view as pathologic factors in society may, in the end, be a matter of individual per- 
suasion. Nonetheless, it is probable that for many readers some of the material in this 
volume will, as the dust jacket suggests, “prove of considerable value in bringing many 
particularly modern as well as many perennial family problems into sharper focus.” 


Joun L. HAmpson 
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Metabolic Care of the Surgical Patient. By Francis D. Moore. 1101 pp., $20.00. W. B 
Saunders Co., Philadelphia, Pa. 

Metabolic Care of the Surgical Patient by Francis D. Moore ranks with the finest text 
books. Dr. Moore draws from his vast laboratory and clinical experience to present sys 
tematically the material which has made possible the dramatic surgical advances of the 
past two decades. 

First he considers the fluid and electrolyte balance in a normal individual. Next the 
body’s response to trauma is outlined. This section is particularly good. The problems 
of altered blood volume, electrolytic disturbances and surgical starvation are well cov 
ered. The chapter on the metabolic effect of visceral disease in the surgical patient is 
superb. The last part of the book discusses specific problems involved in the treatment of 
fractures and burns. 

Each section reflects Dr. Moore’s complete mastery of the field as well as his enthusi- 
asm, which is contagious. The concepts are illustrated by clinical cases which are often 
presented with the help of clear, concise graphs. 

Everyone practicing surgery in 1960, or thereafter, should be aware of this volume and 
its great contribution. Application of this material will save the lives of many patients 
and shorten the convalescent periods of others. 


Joun N. CLAsseN 


Massage, Manipulation and Traction. Edited by Sipney Licut. 275 pp., $10.00. Eliza 
beth Licht, Publisher, New Haven, Conn. 

This book is an interesting and unusual attempt to present several controversial 
forms of physical therapy. It is the fifth in the Physical Medicine Library and follows 
a series of authoritative, definitive and exhaustive monographs on heat, exercise, diag 
nostic and therapeutic uses of electricity. 

The present volume is written by the recognized medical authorities in massage, 
manipulation and traction. The majority of these are British physicians, one is German, 
two are Swiss, one is French. Only three American authors are represented, demonstrat- 
ing the general lack of interest in these modalities in this country. A rather plaintive 
appeal is made not to condemn these methods before they are given a trial: “The way of 
liberals is to place the pain of patients above prejudice”. 

Techniques of massage, stretching, traction, and manipulation of the spine and ex 
tremities are presented. The emphasis is on the technique rather than on indications, 
mechanism of action, or results. 

We have only the author’s assurance, in the chapter on spinal manipulation, that the 
method works. This chapter starts out bravely with the statement “if the manipulative 
surgeon is to have the full confidence of his medical colleagues, he must be able to justify 
his concepts and methods’. In the conclusion he states “It may be argued that the theories 
advanced in this paper, as regards both the causation of symptoms and the results of 
manipulation, are pure surmise’’. This reviewer is in wholehearted agreement with both 
these statements. 

This most recent addition to the Physical Medicine Library is not up to the previous 
volumes. In such a controversial field, one would hope for a more comprehensive and 
critical evaluation of these methods of treatment. 


DouGLas CARROLI 


Clinical Auscultation of the Heart, 2nd edition. By SAMuEL A. LEVINE AND W. Procror 
Harvey. 657 pp., $11.00. W. B. Saunders Co., Philadelphia, Pa., 1959. 
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Che authors demonstrate once again the revealing and rewarding value of simpk 
careful bedside auscultation of the heart. The scope of this second edition has been 
broadened in the past decade and cardiac phenomena which have been described in 
recent years are included, i.e., fixed splitting of the second heart sound in atrial septal 
defect, ventricular “knock” sound in constrictive pericarditis, etc. The section devoted 
to the auscultatory findings in congenital heart disease has been enlarged sixfold. The 
size of the edition and the number of illustrations have been more than doubled. Not 
only are the many auditory phenomena described and illustrated but the clinical and 
therapeutic implications pertaining to them are also discussed. The recordings of the 
heart sounds are technically superb and beautifully reproduced. Although references to 
a few outstanding authors are made in the text, a bibliography is not included and th« 
book may not be used as a reference source for further reading. This lack of a bibliogra 
phy is a definite disadvantage and the reader must remember that the views regarding 
the mechanisms of sounds and murmurs are necessarily those of the authors since ret 
erences to other physiologic opinions are not included. The purpose of this work is to 
encourage more widespread, careful use of the stethoscope and this is adequately ac 
complished. This volume is recommended for careful reading by all who listen to the 
heart. 


CHARLES J. McGarr 


Carcinogenesis by Ultraviolet Light. By HArotp F. Bum. 340 pp., $6.50. Princeton 
University Press, Princeton, N. J., 1959. 

Chis volume has been appropriately subtitled, “An Essay in Quantitative Biology.” 
In it, Dr. Blum describes the effects of ultraviolet light on various biologic systems in 
cluding the induction of cancer, The majority of the data presented stems from the au 
thor’s own laboratory. 

rhe theoretical and experimental approach to the complex and evasive phenomena 
of neoplasia is difficult at best. Dr. Blum began by describing the effects of ultraviolet 
light on enzymes, viruses, microorganisms, cell permeability, cell division, etc. He then 
proceeded to a consideration of its effects on skin and a quantitative study of the phe- 
nomenon of carcinogenesis. Included also are the author's speculations concerning the 
general biologic significance of these data and a suggested general explanation of cancer. 

rhis reviewer found reading this book an interesting and enjoyable experience. Dr. 
Blum’s clearly presented data and arguments are worthy of wider appreciation. In ad- 
dition, his unusual approach to a confusing biologic problem proved to be most re 
freshing. 


ALBERT H. Owens, JR. 


Functional Anatomy of the Limbs and Back. A Text for Students of Physical Therapy 
and Others Interested in the Locomotor Apparatus, 2nd edition. By W. HENRy 
HOLLINSHEAD. 403 pp., $9.00. W. B. Saunders Co., Philadelphia, Pa., 1960. 

rhis book remains the most readable anatomy dealing with normal movement and 
muscle function. The diagrams illustrating individual muscle action in extension, flexion, 
rotation, abduction and adduction of various joints are particularly clear and helpful. 

Although designed particularly for physical therapy students, it will be found sufficiently 

detailed for most physicians in specialties requiring knowledge of normal muscle func- 

tion. The author is head of the section of anatomy at the Mayo Clinic. The book is on 
its way to becoming a classic in this field. 


DouGLaAs CARROLL 
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Aids to Medical Treatment, 4th edition. By T. H. Crozier. 367 pp., $3.75. Bailliere, 
Tindall and Cox, London. The Williams & Wilkins Co., Baltimore, Md., exclusive 
U. S. agents. 

Good textbooks on medical treatment are hard to come by. Therapeutics, in the final 
analysis the reason for the existence of medicine and doctordom, has for many centuries 
been its Cinderella. Superstitions, pretentiousness, and lack of humility have been some 
of its mortal enemies. Since the late Renaissance the lights of the profession have been 
treading the elegant if not somewhat sterile paths of diagnostic medicine, and only 
since the recent days of Pasteur and Ehrlich has scientific medical treatment begun to 
come into its own. 

lids to Medical Treatment is a remarkable little book. In the compass of 361 pages it 
provides an outline of medical treatment, combining both simple, reasonable and there- 
fore probably sound methods of treatment, with more specific drug treatment for nu- 
merous illnesses. Quite rightly in a book of this size, it errs on the side of conservatism. 
Together with the other volumes of the Aids series its reading might be a useful last 
minute contribution towards a professional examination. But in addition it provides a 
reasonably up-to-date survey of what is considered sound practice in Anglo-American 
therapeutics, and one is happy to relate that the author does this without the glossy per 
suasiveness which has entered so much of our journal articles dealing with medical treat 
ment. To such, this unpretentious little book, printed on simple paper, provides a 
sensible antidote. 

FREDERICK WOLF! 


Carcinogenesis. Mechanisms of Action. Ciba Foundation Symposium. Edited by G. FE. 
W. WOLSTENHOLME AND MArve O'Connor. 336 pp., $9.50. Little, Brown & Co., 
Boston, Mass. 

During the past thirty to forty years the carcinogenic properties of an increasing num- 
ber of agents have been demonstrated in several animal species, including man. At 
present, investigators are confronted by a wide variety of carcinogenic agents ranging 
from cellophane film, through the familiar hydrocarbons, to the more recently publi 
cized viruses. It is attractive to think that the biochemists’ skills will ultimately describe 
the mechanisms of action of these agents in chemical terms and that this more complete 
knowledge will permit a further understanding of the differences between normal and 
malignant cells. 

Perhaps with similar thoughts in mind, the Ciba Foundation sponsored this con- 
ference on carcinogenesis in 1958. The conferees included Haddow, Alexander, Biels- 
chowsky, Boyland, Furth, Kaplan, Muhlbock, Walpole and others. During their meet- 
ings they turned their attentions to a consideration of viral, chemical, hormonal, and 
radiation carcinogenesis. A record of their formal papers and ensuing discussions has 
been published in this small volume in the familiar style of the Ciba Symposia. 

ALBERT H. Owens, JR. 


Preventive Medicine in World War II. Volume IV. Communicable Diseases Trans- 
mitted Chiefly Through Respiratory and Alimentary Tracts. Medical Department, 
United States Army. 544 pp., $5.50. United States Government Printing Office, 
Washington, D.C. 

Although the “antibiotic era” has seen the reduction in incidence of a variety of in- 
fectious diseases, it is evident that the community problems of contagious diseases have 
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by no means been eliminated by the wide availability of antimicrobial agents. The many 
classical methods of evaluation and study of the pathology of infection—consideration 
of means of transmission, environmental factors, host resistance and specific prophy 
laxis—all remain important in our present day approach to the control of infectious 
diseases. Accordingly, the experiences of the medical services in our armed forces in 
World War II can be expected to be of value in furthering our knowledge. For the 
armed forces faced on a large scale precisely the same problems that civilian com- 
munities encounter constantly in peacetime. Rapid movement of troops, exposure of 
men to unusual infectious agents, medical care in temporary, often crowded facilities 
were problems that at first thought may appear to be unique to military medicine, but 
even these have their counterpart in civilian experience. 

Che present volume, part of an ambitious official history of the Army Medical Corps 
in World War II, deals with infectious diseases transmitted through the respiratory and 
alimentary routes. Thus, its contents, which include chapters on influenza, the viral 
exanthematous diseases, the pneumonias, hemolytic streptococcal infections, and enteric 
bacterial infections, encompass most of the infectious diseases commonly seen in civilian 
practice. The list of contributors represents physicians whose works are well recognized 
for their importance in contributing to modern knowledge. Indeed the effective utiliza 
tion of civilian consultants by the Army Medical Corps was important in the effective 
control of contagious disease in World War II. That the results obtained represented a 
considerable advance over prior war experience is seen by comparing the mortality rate 
from disease in World War II and World War I, 15,779 as against 51,447. In contrast, 
however, the high morbidity rate from febrile respiratory diseases was, and remains, an 
important factor in any military (or civilian) mobilization. 

The book is easily readable, and while it is dotted with tables and charts, these are 
well integrated into the narrative text. The book is more than dry history; it contains 
information useful in evaluating community health problems of the present, and de 
serves a place in any collection concerned with preventive medicine. 


ALLAN H. Levy 


Cancer of the Cervix. Diagnosis of Early Forms. Ciba Foundation Study Group No. 3. 
Edited by G. E. W. WoLsTENHOLME AND MAEvE O'Connor. 114 pp., $2.50. Little, 
Brown & Co., Boston, Mass., 1960. 

his little text is sponsored by The Ciba Foundation, which apparently arranged a 
symposium for various European and American gynecologists to exchange thoughts on 
different phases of early uterine cancer, both cervical and endometrial. Many well 
known names are found among the participants, and to mention only a few, we can list 
J.C. M. Browne, D. E. Cannell, P. E. Hughesdon, R. R. Greene, O. Petersen, $. Way and 
P. Younge among the distinguished company. 

The end result is, however, most disappointing. There are seven separate papers 
presented pertaining to different aspects of early cancer. Each paper gives the impression 
of attempts to be so scholarly and ultra-scientific as to become lost in a moray of dogma 
and specific tabulations. This would be pardonable if anything worthwhile and impor 
tant were forthcoming, but such is not the case. 

‘The respective papers (or chapters) may be summarized as follows: classification of 
carcinoma in situ; histopathology of early carcinoma; optical and electron microscopy; 
vaginal fluid glucuronidase in cervical cancer; morphology of the cervix agewise; de 


tection and therapy of early cancer; atypical hyperplasia and Stage O adenocarcinoma of 


the endometrium, Many of these subjects are highly specialized even for specialists, and 
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the text is so cluttered with complicated diagrams, charts, and tables that it becomes 
difficult to be attentive. 

\ctually the only salvation is the rather casual discussion which follows the respective 
papers. This is at least readable, and represents many diverse opinions on some very 
controversial subjects. 

Ihe reviewer is generally rather tolerant, but this text had little appeal. While The 
Ciba Foundation deserves credit for an excellent idea, it is hoped that forthcoming 
publications will be made more appealing from a literary standpoint. 

EpMuND R. Novak 
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For Quali i) ile Susie. Enjoy the 
unique refreshment of sparkling Coca-Cola 






SIGN OF GOOD TASTE 


UNPARALLELED stability ° sharpness 


strength « malleability « control 


DEKNATEL ‘K’ NEEDLE 
U. S. PATENT NO. 2,869,550 


.. STARTS AS AN EXTREMELY SHARP PENETRATING POINT 


PENETRATING POWER IS COMPLETELY 
CONFINED TO THE POINT 





4 For samples and details of specific advantages of the 
Vet Deknatel ‘K’ Needle in the surgical specialties, write— 


DEKNATEL 96-27 222 STREET, QUEENS VILLAGE 29, N. Y. 
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METRAZOL 


reactivates the geriatric patient 


METRAZOL 


reactivates the convalescent 


ME TRAZOL 


reactivates the fatigued 











for the geriatric patient - 2 tablets or teaspoonfuls, three times daily. 
dosage for the convalescent and the fatigued - 1 or 2 tablets or teaspoonfuls, 
three times daily. 





METRAZOL Tablets and Liquidum 
Each tablet, 100 mg. METRAZOL. Each teaspoonful ,100 mg. METRAZOL 
and 1 mg. thiamine. 


availability — for those patients who need additional vitamins — 


Vita-METRAZOL Blixir and Tablets 
Each teaspoonful, 100 mg. METRAZOL, 10 mg, niacinamide, 1 mg. 
each of thiamine, riboflavin, pyridoxine, and 2 mg. d-panthenol. Each 
tablet, in addition, 25 mg. vitamin C. 





METRAZOL® brand of pentylenetetrazol, E. Bilhuber, Inc. 





packaging KNOLL PHARMACEUTICAL COMPANY 
Bin ne Sats (formerly Bilhuber-Knoll Corp.) 
alcoholic solution) in pints. Orange, New Jersey 











Surgical and Hotpital Specialties 
——___——O 


SIDE-CUTTING PLIER 
— for cutting 
Surgical Wires & Pins 






CUTTER > 


Cutters are on the outside. Wire to be cut 
may be reached with entire freedom from 
interference. When opening and closing, the 


j i lel. Round obj b 3 
jaws remain parallel. Round o jects may be BABY BEAD 
gripped without chance of slipping. Made in “CRUSHER” 


England of high grade, tempered steel, and 
chrome plated to withstand rust. Overall length, 


5". Ask your dealer for No. 505. 


High leverage enables nurse 
to easily seal the split bead 
in baby identification brace- 
lets. Parallel jaws prevent 
the bead from slipping. 


BERBECKER SURGEONS NEEDLES 


Made in England for the Surgeons and Hospitals of America 


Julius Berbecker & Sons, Inc., 15 E. 26th St., New York 10 


(In writing advertisers, please mention the Bulletin. 
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for enhanced surgical analgesia—meperidine-promethazine combine 


RGA 


Promethazine Hydrochloride and Meperidine Hydrochloride, Wyety 





MEPERGAN provides both analgesic and 
sedative benefits for the surgical patient, 
It allays apprehension, controls nause 
and vomiting, and facilitates anesthesia, 
Preoperative and postoperative analgesi 
and sedation may be attained with a con 
siderably smaller dose of the narcotic than 
is normally used. For inclusive perisuré 
gical care, MEPERGAN—with its prove 
1:1 ratio of promethazine to meperidine 
provides premedication, anesthetic action 
during surgery, and control of post 
operative pain. 


Wyeth Laboratories Philadelphia 1, Pa. 


For further information on prescribing and adminis: 
tering MEPERGANsee descriptive literature, available} 
on request. 


a 
Century of 
Service to Medicine 
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were 
making HI-Q! 





We Gudebrod silkworms are used to winning first prizes—that’s how we 
got to be champions. But now we’re outdoing ourselves—we're making a new 
suture that’s really special—a shoo-in for first prize in anyone’s contest. 


ia 1, Pa. ' , , 
Here’s what happened. The people at Gudebrod figured out a new way to 
make sutures. They put together a lot of the high-quality silk threads 
ndadminisd we champion silkworms make, slim and smooth them down, add more threads, 


e, available slim and smooth them down again, and keep repeating the process till they 
end up with a stronger, smoother, finer suture than you've ever seen. 

They use more strands of our silk than before, but slim them down to a suture 
of smaller diameter. That way they get a big increase in strength— 

about 100° more than U.S.P. standards—without increasing size. 


Everyone knows it doesn’t pay to get too big around the middle 
and this slenderizing process Gudebrod has really does the trick. 
(1 eat all | want, myself, and never gain an ounce—but then, 
| keep awfully busy making silk for Gudebrod.) 


Well, don’t just sit there counting up the calories you've eaten today— 
write to Gudebrod and ask for samples of our new Hi-Q sutures! 


Gude brod BROS. SILK CO., INC. 


Surgical Division Executive Offices 
225 West 34th St., New York 1, N.Y. 12 South 12th St., Philadelphia 7, Pa. 
Chicago Boston Los Angeles 
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when 
anxiety intensifies 
arthritic pain 


<< 
on 


b 


. » » DARVO-TRAN?” relieves pain more effectively than 
the analgesic components alone 


Effective analgesia plus safe relief of mild anxiety helps combat the pain- 
anxiety spiral. In Darvo-Tran, the tranquilizing properties of Ultran® are 
added to the established analgesic effects of Darvon® and the anti-inflam- 
matory benefits of A.S.A.®. Clinical and pharmacologic studies have shown 
that when pain is accompanied by anxiety, the addition of Ultran enhances 
and prolongs the analgesic effects of Darvon. 
Each Pulvule® Darvo-Tran provides: 

Darvon Se | rO RAISE PAIN THRESHOLD 

A.S.A.. .. . . 325 mg TO REDUCE INFLAMMATION 

Ultran. . . . . 150 mg.—TO RELIEVE ANXIETY 
Usual Dosage: 

1 or 2 Pulvules three or four times daily. A. 


ELI LILLY AND COMPANY «+ INDIANAPOLIS 6, INDIANA, U.S.A: 
20407 


In writing advertisers, please mention the Bulletin. 
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TABLETS LIQUID 


The 


A i ui eS i Non-Constipating 
Acid 


J/uminum Hydroxide and Tribasic Magnesium Phos phate Neutralizer 





Unexcelled in... 


PEPTIC ULCER AND GASTRIC HYPERACIDITY 


also EFFECTIVELY REDUCES... 


LASITIC 
WISTTOSS 


in Steroid Therapy! 


THE RALPH WINTON COMPANY 
Pharmaceutical Chemists — sactimore 2, MARYLAND 





(In writing advertisers, please mention the Bulletin. ) 
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Proven 


in over five years of clinical use and 
more than 750 published clinical studies 


Effective 


for relief of anxiety and tension 


Outstandingly Safe 


e simple dosage schedule produces rapid, reliable 
tranquilization without unpredictable excitation 


e no cumulative effects, thus no need for difficult 
dosage readjustments 


e does not produce ataxia, change in appetite or libido 


e does not produce depression, Parkinson-like symptoms, 
jaundice or agranulocytosis 


e does not impair mental efficiency or normal behavior 


Miltown: 


meprobamate (Wallace) 





Usual dosage: One or two 400 mg. tablets t.i.d. 


Supplied: 400 mg. scored tablets, 200 mg. sugar-coated 
tablets; or as MEPROTABS*— 400 mg. unmarked, coated tablets. 


Qi] WALLACE LABORATORIES / New Brunswick, N. J. 


@TRADE- MARS 


(In writing advertisers, please mention the Bulletin. ) 











Teal pain... 
real relief ! 


considerably 
more effective 
than A.P.C. with 
codeine 


OR CODEINE SUBSTITUTES 


Adult Dose: 
1 or 2 tablets, repeated in three or 
four hours if necessary. 
Supplied: 
Bottles of 100 and (ly) il | 
1000 tablets, scored. 
(asoea ons 


Narcotic Blank Required. 
New York 18, N. Y 


Demerol (brand of meperidine), trademark reg. U.S. Pat. Off. 





in peripheral vascular disease... 
brings blood to deep tissues 
without tachycardia or other 
troublesome cardiac 

side effects 


aid 


<-S 
NEW myo-'$¢= vascular relaxant 
LATS 


VASODILAMNT 


ne hydrochloride, Mead Johnson 


e increases blood flow by direct 
action on the smooth muscle of 
the blood vessels"? 


e provides relief in a high percent- 
age of patients with a wide variety 
of peripheral vascular disorders'” 


e effective in intermittent claudi- 
cation,”® coldness and numbness 
of extremities,*° trophic ulcers,°® 
and leg cramps,”’ associated with 
arteriosclerosis obliterans, diabetic 
vascular disease, Buerger's disease, 
Raynaud's disease and frostbite 


1 or 2 tablets (10 to 
20 ne) three or four times daily 


10 mg. tablets, bottles of 100; 2 cc. am- 
puls (5 mg./cc.) for intramuscular use, boxes of 6. 


(1) Samuels, S.S., and Shaftel, H. E.: 
J.A.M.A. 177:142-144 (Sept. 12) 1959. (2) Kaindl, F.; 
Samuels, S. S.; Selman, D., and Shaftel, H.: Angi- 
ology 10:185-192 (August) 1959. (3) Kraucher, G 
Prakt. Arzt 77:325-329, 1957. (4) Birkmayer, W., and 
Mentasti, M.: Wien. med. Wchnschr. /08:395-396 
(May 3) 1958. (5) Clarkson, |., and LePere, D.: De- 
tailed report in Mead Johnson research files. (6) 
Billiottet, J., and Ferrand, J.: Sem. med. 34:635-637 
(May) 1958. (7) Singer, R.: Wien. med, Wchnschr, 
107:734-736 (Sept.) 1957. ciety 


\ Mead Johnson 


Symbol of service in medicine 


9308 














